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Preface 
 
This report presents the reference life cycle assessment scenarios for manure management in the 
Baltic Sea Regions. 
 
It was produced as part of work package 5 of the project “Baltic Forum for Innovative Technologies 
for Sustainable Manure Management (Baltic Manure)”. The long-term strategic objective of the 
Baltic Manure project is to change the general perception of manure from a waste product to a 
resource, while also identifying its inherent business opportunities with the most suitable manure 
handling technologies and policy framework, for the Baltic Sea Regions (BSR). Baltic Manure is 
partly financed by the European Union (European Regional Development Fund), through the Baltic 
Sea Region Programme 2007-2013. 
 
The report was edited by Lorie Hamelin (University of Southern Denmark) with contributions and 
key input from all authors. It can be cited as follows: 
 
Hamelin L, Baky A, Cano-Bernal J, Grönroos J, Kuligowski K, Pehme S, Rankinen K, Skura D, Wenzel 
H, Wesnæs M, Ziolkowsky M (2013). Reference life cycle assessment scenarios for manure 
management in the Baltic Sea Regions – an assessment covering six animal production, five BSR 
countries and four manure types. Baltic Manure report. Balticmanure.eu.    
 
 
 
December 2013 
 
The authors 
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Abbreviations and Notation  
 
This section lists some of the most commonly used abbreviations and notation symbols 
throughout this report.  
 
BMP Biochemical methane potential 
C Carbon 
CAN Calcium ammonium nitrate 
CH4 Methane 
CO2 Carbon dioxide 
Cu Copper 
DAP Diammonium phosphate 
DLUC Direct land use change 
DM Dry matter 
FM Fresh matter 
FU Functional unit 
GHG Greenhouse gases 
GWP Global warming potential (metric for the global warming impact category) 
H2 Hydrogen 
H2O Water 
K Potassium 
K2O Potassium oxide 
LCA Life cycle assessment 
LCI Life cycle inventory 
LCIA Life cycle impact assessment 
N Nitrogen 
NH3 Ammonia 
NO Nitric oxide 
NOx Nitrogen oxides (NO + NO2) 
NO2 Nitrogen dioxide 
NO3
- Nitrate 
N2 Nitrogen gas 
N2O Nitrous oxide 
P Potassium 
P2O5 Phosphorus pentoxide 
TAN Total ammoniacal nitrogen 
TBMP Theoretical biochemical methane potential 
TS Total solids (same as dry matter) 
VS Volatile solids 
Zn Zinc 
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1 Introduction  
 
1.1 The Baltic Manure Project 
 
In 2009, the European Union Strategy for the Baltic Sea Region (EUSBSR), along with its Action 
Plan, was approved by the European Council, making it the first macro regional strategy in Europe. 
As part of the Action Plan, the Strategy promotes Flagships Projects which fall within the scope of 
the overall objectives of the Strategy, namely: “Save the Sea”, “Connect the Region” and “Increase 
Prosperity”.  
 
Baltic Manure, which involves 18 partners from 8 BSR countries (Denmark, Estonia, Finland, 
Germany, Latvia, Lithuania, Poland and Sweden), is one of these Flagship projects. The long-term 
strategic objective of the Baltic Manure project is to change the general perception of manure 
from a waste product to a resource, while also identifying its inherent business opportunities with 
the most suitable manure handling technologies and policy framework. 
 
The project is divided into 7 work packages: 
 WP1: Project management and administration 
 WP2: Communication 
 WP3: Innovative technologies for manure handling 
 WP4: Standardisation of manure types with focus on phosphorus 
 WP5: Assessing sustainability of manure technology chains 
 WP6: Energy potentials of manure 
 WP7: Business innovation 
 
The results presented in this document are the outcome of WP5. The objectives of WP5 are two-
fold: 
 To assess the environmental consequences of different manure management technology 
chains of relevance for the BSR in order to provide a support for prioritization of these 
technologies in the different BSR countries: 
 To propose a common platform for Life Cycle Assessment (LCA) of manure management in 
the BSR. 
 
1.2 Organization & Participants 
 
Baltic Manure is partly financed by the European Union (European Regional Development Fund), 
through the Baltic Sea Region Programme 2007-2013. The project is led by MTT - Agrifood 
Research (Finland), with a total budget of 3.7 million €. This 3 year project started in 2011 and 
ended in 2013.  
 
The participants of WP5 include: 
 Juha Grönroos, Katri Rankinen & José E. Cano-Bernal; Finnish Environment Institute (SYKE) 
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 Lorie Hamelin, Henrik Wenzel, Marianne Wesnæs & Henrik Saxe; University of Southern 
Denmark 
 Andras Baky; Swedish Institute of Agricultural and Environmental Engineering (JTI) 
 Sirli Pehme; Estonian University of Life Sciences 
 Laura Alakukku & Lauri Larvus; University of Helsinki  
 Ksawery Kuligowski,  Dorota Skura, Marek Ziółkowski & Andrzej Tonderski; Pomeranian 
Centre for Environmental Research and Technology (POMCERT)  
 
In this particular report, Juha Grönroos was responsible for the Finnish reference system, Lorie 
Hamelin for the Danish reference system, Andras Baky for the Swedish one, Sirli Pehme for the 
Estonian one, and Ksawery Kuligowski & Dorota Skura for the Polish reference system. 
 
More details about the Baltic Manure project and the overall participants can be found on the 
project website; balticmanure.eu. 
 
1.3 Objective of this report: establishing LCA reference systems  
 
The key outcome of Baltic Manure WP5 is the production of life cycle assessments of different 
manure management scenarios in order to identify environmentally suitable manure management 
techniques for the Baltic Sea Regions.  
 
One key pre-condition for assessing a manure management technique in a whole system or LCA-
approach is to define a reference system against which this technique can be assessed. In this 
report, such reference manure management are established, for selected countries of the BSR. 
 
The purpose of a reference system is partly to serve as a representative of a ‘common’ 
conventional practice. But the main purpose is, however, to serve as a measure-stick to compare 
and quantify all candidate techniques against. This will ensure a common ground for the 
assessment and quantification. The reference should ideally represent an average or some fair 
representation of a sound conventional livestock system, not being state-of-the-art, but also far 
from worst case. It is however not essential to the assessment exactly what level or percentile of 
environmental performance the reference represents. As long as it is a well-known and common 
reference, and as long as it is used as a common background for all new techniques, it serves its 
function. 
 
A reference system shall comprise four key components: 
i. A description of the technological status: There are differences in which technologies and 
practices are prevailing in the various stages of the system for the different Baltic Sea 
Regions. This involves a description of the managerial practices of the production system 
that can influence the emissions to environment, e.g. what kind of feed is used, which type 
of floor system is used, how long is the manure stored in-house and at which temperature, 
what kind of outdoor storage is practiced, how is the manure applied on the field, etc. 
ii. A description of the site-specific conditions: This comprises information such as the 
average annual storage temperature, the type of crop rotation and soil on which the 
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manure is applied, the specific legislations governing the manure management practices, 
etc. 
iii. A reference manure composition: Since the emission flows of the manure continuum 
system are essentially dependent upon the manure composition, it is necessary to set a 
concrete manure/slurry composition when assessing and quantifying the performance of a 
technique. It is not crucial (either possible) that this manure composition is “correct”, 
rather it should be a fair representation of a manure deriving from the reference situation 
in question. Key parameters of the reference manure include the dry matter, nitrogen 
(inorganic and total), phosphorus, carbon and volatile solids content of the manure. The 
reference manure composition shall be established for all main stages of the manure 
continuum (e.g. ex-animal, ex-housing, ex-storage). 
The reference manure composition shall be established for all main stages of the manure 
continuum: 
 Manure ex-animal: This is the “fresh” manure as excreted by the animals, i.e. prior 
to any losses to air or to any addition.  
 Manure ex-housing: This is the manure as it leaves the housing units, where it has 
been stored for a given period of time. 
 Manure ex-outdoor storage: This is the manure as it leaves the outdoor storage. 
The main challenge, when establishing the ex-animal, ex-housing and ex-outdoor storage 
manure composition is to ensure that consistency is maintained in the mass balances, and 
that all inputs and outputs (defined in step IV) are systematically and consistently 
considered. This is illustrated in Figure 1.1, adapted from (Poulsen et al., 2006). Therefore, 
the task of defining a reference manure composition must be carried out in parallel to step 
IV below.  
 
Figure 1.1: System to consider for establishing a reference manure composition for LCA (adapted 
from Poulsen et al. 2006) 
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iv. A quantification of the key input and output from and to the system: Key input includes 
how much (rain) water or bedding material is added during manure storage (in-house and 
outdoor), any significant use of energy (electricity and heat), induced/avoided use of 
mineral fertilizers, etc. Key output includes emissions to air and water compartments 
throughout the manure continuum, as well as emissions from adjoining systems (e.g. 
energy and fertilizer production).  
One major result of Baltic Manure (WP5) is the establishment of such reference systems, 
comprising eight different manure types and five Baltic Sea Regions, for a total of 15 reference 
systems. These are summarized in Table 1.1. 
 
Table 1.1. Overview of the reference LCA scenarios for the BSR established in Baltic Manure WP5 
Animal production Manure type DK FI SE EE PL Total 
Dairy cows Slurry X X X X  4 
 Solid manure     X 1 
Bulls (> 6 months) Deep litter X     1 
Fattening pigs Slurry X X X X  4 
 Solid manure     X 1 
Broilers Litter  X X   2 
Laying hens Solid X     1 
Horses Solid   X   1 
Total  4 3 4 2 2 15 
 
 
1.4 General overall description of prevailing reference manure management systems in BSR 
 
The prevailing manure management performed in the BSR consists to use the manure as a 
fertilizer on agricultural fields, that is, without any prior treatment. 
 
This prevailing reference manure management  may be summarized as four main system stages, at 
which a technology/intervention can be applied: I) feed and feeding systems, II) housing systems 
including in-house manure management and storage, III) outdoor manure management and 
storage, and IV) field application of manure. This is illustrated in Figure 1.2. 
 
 
 
 
 
 
 
 
 
Figure 1.2: Typical reference manure management continuum (reproduced from (Hamelin and 
Wenzel, 2011) 
Housing and in-house manure 
management & storage 
Feed system Outdoor manure 
management & storage 
Field application of fertilizers and 
field processes 
(I) (II) (III) (IV) 
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In the feed system, the different crop (e.g. wheat, barley, soy, rape) and non-crop ingredients (e.g. 
enzymes, mineral supplements) are produced (stage I) and fed to the animals (stage II). The 
portion of the consumed feed not respired, evaporated or retained by the animals will end up as 
excreta (urine or feces). Any change in the feed system (e.g. change of any ingredient) would thus 
affect the composition of the excreted manure. 
 
Except for grazing or specific production systems (e.g. free range, organic production) that have 
not been adressed within WP5, urine and feces are generally excreted inside animal houses, and 
may be managed whether as solid (can be stacked in a heap), semi-solid (cannot be pumped nor 
stacked in a heap) or liquid (can be pumped and flow under gravity) (stage II). Liquid manure with 
a DM content below 10% is typically referred to as slurry (Pain and Menzi, 2011). At this stage, 
water, bedding material (e.g. straw, wood chips) or other inputs may be added to the manure. 
Depending on the specific management practices, the manure can remain in-house for varying 
periods of time: i.e. anywhere from a very short period (e.g. less than a day) to being stored during 
the whole animal production duration (more than a month).  
 
In cases where manure is not stored in-house for the whole production duration, it is transferred 
from the animal house towards an outdoor storage facility, where it can be stored (stage III) until 
its use as a fertilizer (stage IV). 
 
Not all stages of the continuum illustrated in Figure 1.2 have to be included in the LCAs, if they are 
not affected by the alternatives studied. For example, the LCAs performed in Baltic Manure WP5 
do not involve any treatment or technologies affecting the feed system. As it remains unaffected 
in all alternatives investigated, it has not been included in the reference systems developed and 
presented in this report. 
  
2 Technological status and site-specific conditions 
 
This section describes the technological status (anno 2011) and key site-specific conditions 
considered for each of the 15 reference systems established, grouped per system stage and BSR 
country. All relevant information in relation to the housing stage are presented in Tables 2.1-2.5, 
while those related to the outdoor storage stage are presented in Tables 2.6-2.10, and those 
related to the field application stage can be found in Tables 2.11-2.15. For all tables, the density of 
water considered is 1000 kg per m3. 
 
2.1 Housing 
All reference BSR systems studied in Baltic manure WP5 involve no losses (or leaching) from the 
housing systems. It should also be noted that the figures for straw and water are expressed per 
tonne of manure ex-animal. 
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2.1.1 Denmark 
 
Table 2.1. Technological status for the housing stage: LCA reference systems for Denmark** 
HOUSING 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of waterδ 
Average 
temperature 
in-house 
Floor/cage system Average 
duration of 
in-house 
storage∆ 
Evacuation of manure Other relevant 
information 
 (kg t-1 
manure ex-
animal) 
(m3 t-1 
manure 
ex-
animal) 
(°C) (description) (days, unless 
otherwise 
indicated) 
(description) (description) 
Dairy cows, 
slurry, DK 
6.6† (straw) 0.099 20 °C 
(summer)* 
15 °C 
(winter) 
Loose holding with 
beds, slatted 
floors,  (1.2 m 
channel) 
30* Collected to pre-tank, 
and from there 
pumped towards 
outdoor storage 
facility. 
- 
Fattening 
pig, slurry, 
DK 
1.9†,‡ (straw) 
 
(assuming 
3.3 rotations 
per y) 
0.008 
 
20 °C 
(summer)* 
15 °C 
(winter) 
Partly slatted 
floors with 24-49% 
solid floor 
15* As for dairy cow 
slurry. 
- 
Bulls, deep 
litter, DK 
(> 6 months 
to 
slaughtering 
at ca. 440 
kg), heavy 
breed) 
777† (straw) 
 
-0.361 20 °C 
(summer) β 
15 °C 
(winter) 
 
 
Deep litter 6.7 months Emptied at the end of 
the production with a 
loader 
Negative amount 
for water to be 
seen as 
evaporation, 
although there 
are doubts on the 
certainty of the 
figureδ 
Hens, solid, 
DK 
0† -0.301 20 °C 
(summer) β 
15 °C 
(winter) 
 
Enriched cages 
with manure belt 
1.5  
 
(Manure belt 
runs 4-5 
times a week) 
Manure belt Negative amount 
for water to be 
seen as 
evaporation, 
although there 
are doubts on the 
certainty of the 
figureδ 
†Straw data from (Poulsen, 2008), based on the excretion rates from (Poulsen, 2011). 
‡The straw amount for fattening pig stated in Poulsen (2008) is 3 kg per animal per day, which appears unrealistically high for 
slurry. Therefore, this was taken as 3 kg per animal per year, assuming a mistyping of the units by Poulsen (2008). 
* (Sommer et al., 2004). 
** Based on Poulsen (2011), unless otherwise specified. 
β Extrapolation from the data on dairy cows and fattening pigs presented by Sommer et al. (2004). 
δ No measurement-based data were available, so these data are to be seen as rather weak and are simply based on mass balances. 
Data from Poulsen (2008) were not considered, as judged unrealistic.  
∆ Including time in the pre-tank, when this applies. 
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2.1.2 Estonia 
 
Table 2.2. Technological status for the housing stage: LCA reference systems for Estonia 
HOUSING 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of water 
Average 
temperature 
in-house 
Floor/cage system Average 
duration of 
in-house 
storage∆ 
Evacuation of manure Other relevant 
information 
 (kg t-1 
manure ex-
animal) 
(m3 t-1 
manure 
ex-
animal) 
(°C) (description) (days, unless 
otherwise 
indicated) 
(description) (description) 
Dairy cows, 
slurry, EE 
0 0.087* 16 °C 
(summer) 
4 °C (winter) 
Uninsulated loose 
housing with beds, 
rubber  mats 
1 (maximum) Collected to pre-tank, 
and from there 
pumped towards 
outdoor storage 
facility. 
- 
Fattening 
pig, slurry, 
EE 
0 0.030** 
 
20 °C 
(summer) 
 
Partly slatted 
floors  
1 (maximum) As for dairy cow 
slurry. 
- 
*Based on an amount of spillage and cleaning water of 2000 L cow
-1
 y
-1
 as well as on an excretion rate of 22 900 kg cow
-1
 y
-1
 (Kaasik 
2013). 
** Based on an amount of spillage and cleaning water of 15 L pig
-1
 y
-1
 as well as on an excretion rate of 500 kg pig
-1
 y
-1
 (Kaasik 
2013). 
∆ Including time in the pre-tank, when this applies. 
 
 
2.1.3 Finland 
 
Table 2.3. Technological status for the housing stage: LCA reference systems for Finland 
HOUSING 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of water 
Average 
temperature 
in-house 
Floor/cage system Average 
duration of 
in-house 
storage∆ 
Evacuation of manure Other relevant 
information 
 (kg t-1 
manure ex-
animal) 
(m3 t-1 
manure 
ex-
animal) 
(°C) (description) (days, unless 
otherwise 
indicated) 
(description) (description) 
Dairy cows, 
slurry, FI 
4.0* 
 
0.112* 15 - 20 °C  
 
Cubicle housing 
system with 
slatted floor 
7 Manure removed by 
gravity to slurry 
storage. No pumping 
needed. 
- 
Fattening 
pig, slurry, 
FI 
2.9* 0.029* 15 - 20 °C 
(insulated 
houses) 
 
Partly slatted 
floors  
14 - 21 Vacuum system to 
pre-tank, from there 
pumped towards 
outdoor storage. 
- 
Broilers, 
litter, FI 
44 (peat) 0 21-32(35) °C, 
depending 
on the age of 
birds 
Solid floor 32-39 days 
(removed 
after each 
growing 
period) 
Small tractor/loader - 
*Based on Hellstedt (2013) and Nousiainen (2013) 
∆ Including time in the pre-tank, when this applies. 
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2.1.4 Poland 
 
Table 2.4. Technological status for the housing stage: LCA reference systems for Poland 
HOUSING 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material* 
Addition 
of water 
Average 
temperature 
in-house† 
Floor/cage system Average 
duration of 
in-house 
storage∆ 
Evacuation of manure Other relevant 
information 
 (kg t-1 
manure ex-
animal) 
(m3 t-1 
manure 
ex-
animal) 
(°C) (description) (days, unless 
otherwise 
indicated) 
(description) (description) 
Dairy cows, 
solid 
manure, PL 
460 
 
0.079 6 °C 
(summer) 
12 °C 
(winter) 
Loose housing 
with deep litter 
2 Manual removal 
(manual labour) 
- 
Fattening 
pig, solid 
manure, PL 
590 0.079** 24 °C 
(summer) 
18 °C 
(winter) 
Tied with deep 
litter 
3 Manual removal 
(manual labour) 
- 
* Based on data obtained from questionnaires in WP4. For dairy cows, it corresponds to the average from 5 farms; for fattening 
pigs, it corresponds to the average from 4 farms. 
** No data, so the same as for dairy cow was assumed. 
†Based on Fiedorowicz & Mazur (2011). 
∆ Including time in the pre-tank, when this applies. 
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2.1.5 Sweden 
 
Table 2.5. Technological status for the housing stage: LCA reference systems for Sweden† 
HOUSING 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of water 
Average 
temperature 
in-house 
Floor/cage system Average 
duration of 
in-house 
storage∆ 
Evacuation of manure Other relevant 
information 
 (kg t-1 
manure ex-
animal) 
(m3 t-1 
manure 
ex-
animal) 
(°C) (description) (days, unless 
otherwise 
indicated) 
(description) (description) 
Dairy cows, 
slurry, SE 
36* 
 
0.30 12 °C  Solid floor resting 
area and soft 
slatted floor on 
remaining floor 
area. 
1 to 4 Most common 
technology is 
electricity powered 
scrapers or sleds 
drawn by chain or 
rope along the slurry 
channel driving 
manure towards a 
culvert that conducts 
manure to the slurry 
pre-tank. From there, 
it is pumped towards 
the outdoor storage 
facility. 
- 
Fattening 
pig, slurry, 
SE 
13 0.40 12 °C Partially slatted 
floor. Resting area 
with solid flooring, 
eating and 
manuring on 
slatted part of 
pen. 
1 to 4 As for dairy cow slurry - 
Broilers, 
litter, SE 
40 0 23-25 °C Solid floor 50 (assuming 
6 rotations 
per y and 2 
days between 
consecutive 
rotations)  
Front loader mounted 
on small farm tractor 
(75 kW) 
 
- 
Horses, solid 
manure, SE 
311 0 10 °C Boxes, solid floor 
(usually 1 horse 
per box) 
1 to 4 Mainly manual labour Recreational 
horses 
*Based on Jordbruksverket (1995) 
†Based on SJVFS (2011) (SJVFS 2011: 25) 
∆ Including time in the pre-tank, when this applies. 
 
 
2.2 Outdoor storage 
All reference BSR systems studied in Baltic manure WP5 involve no losses (or leaching) from the 
outdoor storage systems. It should also be noted that the figures for straw and water are 
expressed per tonne of manure ex-housing. The correspondence between manure types (ex-
animal, ex-housing and ex-outdoor storage) is available in Table 2.16. 
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2.2.1 Denmark 
 
Table 2.6. Technological status for the outdoor storage stage: LCA reference systems for Denmark 
OUTDOOR STORAGE 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of waterδ 
Average 
temperature  
Type of storage Type of cover Evacuation of manure 
Other relevant 
information 
 
(kg ton-1 
manure ex-
housing) 
(m3 ton-1 
manure 
ex-
housing) 
(°C) (description) (description) (description) (description) 
Dairy cows, 
slurry, DK 
0 0.020 8 °C 
(Denmark’s 
annual 
average) 
Concrete tank Natural crust 
floating layer 
only (the 
crust 
naturally 
forming with 
dairy cow 
slurry) 
Pumped from storage 
tank towards slurry 
tanker 
Covered storage is 
obliged by law, 
but natural crust 
regarded as 
sufficient (for 
slurry)‡ 
Fattening 
pig, slurry, 
DK 
2.5† 0.020 8 °C 
(Denmark’s 
annual 
average) 
Concrete tank Straw floating 
layer 
Pumped from storage 
tank towards slurry 
tanker 
Covered storage is 
obliged by law (it 
is considered that 
no natural crust is 
formed with pig 
slurry)‡ 
Bulls, deep 
litter, DK 
(> 6 months 
to 
slaughtering 
at ca. 440 
kg), heavy 
breed) 
0 
 
0 8 °C 
(Denmark’s 
annual 
average) 
In-house storage In-house 
storage 
Emptied at the end of 
the production with a 
loader (or during the 
production, for the 
65% “direct 
spreading” portion) 
Waterproof 
covered storage is 
obliged by law 
(for deep litter)‡; 
only 35% of the 
manure is stored, 
the rest being 
applied directly 
(“direct 
spreading”) 
Hens, solid, 
DK 
0 0 8 °C 
(Denmark’s 
annual 
average) 
Waterproofed 
structure with roof 
Permanent 
roof 
Loaded in transport 
container 
See applying 
legislation‡ 
‡(Danish Ministry of the Environment, 2013) 
δ No measurement-based data were available, so these data are to be seen as rather weak and are simply based on mass balances. 
Data from Poulsen (2008) were not considered, as judged unrealistic.  
†Straw floating layer used as a cover (minimal requirement). Amount based on (Wesnæs et al., 2009) 
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2.2.2 Estonia 
 
Table 2.7. Technological status for the outdoor storage stage: LCA reference systems for Estonia 
OUTDOOR STORAGE 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of 
water* 
Average 
temperature  
Type of storage Type of cover Evacuation of manure 
Other relevant 
information 
 
(kg ton-1 
manure ex-
housing) 
(m3 ton-1 
manure 
ex-
housing) 
(°C) (description) (description) (description) (description) 
Dairy cows, 
slurry, EE 
0 0.11 5 °C 
(Estonia’s 
annual 
average) 
Concrete tank Natural crust 
floating layer 
only (the 
crust 
naturally 
forming with 
dairy cow 
slurry) 
Pumped from storage 
tank towards slurry 
tanker 
- 
Fattening 
pig, slurry, 
EE 
0 0.11 
 
5 °C 
(Estonia’s 
annual 
average) 
Concrete tank Keramsit† 
floating layer 
Pumped from storage 
tank towards slurry 
tanker 
- 
*Considering a precipitation rate of 600 mm y
-1
, evaporation rate of 350 mm y
-1
, 1000 m
3
 storage capacity (filled at 75%) in a tank 
with a radius of 10.3 m. 
† Expanded clay aggregates 
 
2.2.3 Finland 
 
Table 2.8. Technological status for the outdoor storage stage: LCA reference systems for Finland 
OUTDOOR STORAGE 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of water 
Average 
temperature  
Type of storage Type of cover Evacuation of manure 
Other relevant 
information 
 
(kg ton-1 
manure ex-
housing) 
(m3 ton-1 
manure 
ex-
housing) 
(°C) (description) (description) (description) (description) 
Dairy cows, 
slurry, FI 
0 0.080 2 °C 
(Finland’s 
annual 
average) 
Concrete tank Natural crust 
floating layer 
only (the 
crust 
naturally 
forming with 
dairy cow 
slurry) 
Pumped from storage 
tank towards slurry 
tanker 
- 
Fattening 
pig, slurry, 
FI 
0 0.065 2 °C 
(Finland’s 
annual 
average) 
Concrete tank Mixed roofing Pumped from storage 
tank towards slurry 
tanker 
- 
Broilers, 
litter, FI 
0 0 2 °C 
(Finland’s 
annual 
average) 
Concrete silo Roof 
preventing 
contact with 
rainwater 
Tractor equipped with 
front loader, loading 
to solid manure trailer 
- 
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2.2.4 Poland 
 
Table 2.9. Technological status for the outdoor storage stage: LCA reference systems for Poland 
OUTDOOR STORAGE 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of water 
Average 
temperature  
Type of storage Type of cover Evacuation of manure 
Other relevant 
information 
 
(kg ton-1 
manure ex-
housing) 
(m3 ton-1 
manure 
ex-
housing) 
(°C) (description) (description) (description) (description) 
Dairy cows, 
solid 
manure, PL 
194* 
 
0.073** 7 °C 
(Poland’s 
annual 
average) 
Field heap (no 
cover) 
None Tractor equipped with 
front loader 
Urine is either 
collected by the 
drainage system 
from under the 
barn and 
subsequently 
pumped by the 
tanker for 
fertilization, or 
leaches down 
from the solid 
manure pad 
directly to septic 
tank. 
Fattening 
pig, solid 
manure, PL 
88* 0.076** 7 °C 
(Poland’s 
annual 
average) 
Field heap (no 
cover) 
None Tractor equipped with 
front loader 
As above, for 
urine. 
* Based on data obtained from questionnaires in WP4. 
**Calculated considering an average relative humidity of 80% in Poland. Based on (Wihan, 2007) (p.47; Fig. 3.5), this involves that 1 
kg of straw DM gains 0.20 kg water. A DM of 85% was considered for straw. The calculation is thus as follows: total straw content 
(per tonne manure ex-housing) x 0.20 kg water per kg straw DM x 0.85 kg DM per kg straw. 
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2.2.5 Sweden 
 
Table 2.10. Technological status for the outdoor storage stage: LCA reference systems for Sweden† 
OUTDOOR STORAGE 
Animal 
production 
& manure 
system 
Addition of 
straw or 
other 
material 
Addition 
of waterδ 
Average 
temperature  
Type of storage Type of cover Evacuation of manure 
Other relevant 
information 
 
(kg ton-1 
manure ex-
housing) 
(m3 ton-1 
manure 
ex-
housing) 
(°C) (description) (description) (description) (description) 
Dairy cows, 
slurry, SE 
0 0.383 4 °C 
(Sweden’s 
annual 
average) 
Concrete tank Natural crust Pumped from storage 
tank towards slurry 
tanker 
- 
Fattening 
pig, slurry, 
SE 
9.01 0.000‡ 4 °C 
(Sweden’s 
annual 
average) 
Concrete tank Natural crust Pumped from storage 
tank towards slurry 
tanker 
- 
Broilers, 
litter, SE 
0 0.001* 4 °C 
(Sweden’s 
annual 
average) 
Concrete plate None Tractor equipped with 
front loader 
- 
Horses, solid 
manure, SE 
0 0.005* 4 °C 
(Sweden’s 
annual 
average) 
Concrete plate None Tractor equipped with 
front loader 
Recreational 
horses 
†Based on SJVFS (2011) (SJVFS 2011: 25) 
δ These figures (i.e. for slurry) are based on mass balances from data not presented in this table (DM losses, and final manure 
masses at each stage). It is here acknowledged that the figure for dairy cow slurry is likely overestimated, and the one for pig slurry 
underestimated. 
‡The amount is not zero (but shown as zero with 3 decimals) 
* Calculated considering an average relative humidity of 79% in Sweden. Based on (Wihan, 2007) (p.47; Fig. 3.5), this involves that 1 
kg of straw DM gains 0.20 kg water. A DM of 85% was considered for straw. The calculation is thus as follows: total straw content 
(per tonne manure ex-housing) x 0.20 kg water per kg straw DM x 0.85 kg DM per kg straw. 
 
2.3 Field application 
All reference BSR systems studied in Baltic manure WP5 involve that manure is applied on the 
field, where it is used as a fertilizer. For each reference system, a reference soil and crop rotation 
has been defined. This information, coupled with restrictions from the applying legislation, can 
subsequently be used, in the LCA, to estimate the amount of mineral fertilizer substituted by the 
use of manure (see section 4). 
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2.3.1 Denmark 
 
Table 2.11. Technological status for the field application stage: LCA reference systems for Denmark 
FIELD APPLICATION 
Animal 
production & 
manure system 
Transport 
distance, 
manure 
storage to 
field 
Type of 
manure 
spreader 
Soil type(s) to 
receive 
manure*  
Representative crop 
rotation 
Particular national 
legislation (applying in 
2011-2013) 
Other relevant 
information 
 (km) (description) (description) (description) (description) (description) 
Dairy cows, 
slurry, DK 
10 Trail hose 
tanker 
Sandy soil and 
to minor extent 
sandy loam† 
5 years rotation 
(rotation A): spring 
barley (harvested as 
whole crop silage); 
grass clover mixture 
(twice); spring 
barley with catch 
crop; spring barleyβ 
See note (a), (d), (e) and 
(f) 
- 
Fattening pig, 
slurry, DK 
10 Trail hose 
tanker 
Sandy soils (ca. 
49% of pig 
production) 
and sandy loam 
(ca. 29% of pig 
production)† 
6 years rotation 
(rotation B): winter 
barley; winter rape; 
winter wheat 
(twice); spring 
barley with catch 
crop; spring barleyβ 
See note (a), (c), (e) and 
(f) 
- 
Bulls, deep 
litter, DK 
(> 6 months to 
slaughtering at 
ca. 440 kg), 
heavy breed) 
10 Solid manure 
spreader, 
broadcast 
Sandy soils‡ Same as dairy cow 
slurry† 
See note (b), (d), (e) and 
(f) 
- 
Hens, solid, DK 10 Solid manure 
spreader, 
broadcast 
Sandy soils‡ Cereal-based, taken 
as for fattening pig 
slurry 
See note (b), (c), (e) and 
(f) 
- 
† Based on (Dalgaard et al., 2006) 
‡ Based on Denmark’s statistics (dst.dk), sheet HDRY07 
* More details in Appendix A about the different soil types 
β Based on (Wesnæs et al., 2009). See Appendix F for details on N, P and K requirements of rotation A and B. 
(a): Slurry can be applied by trail hose or shoe, but when applied on bare soil, slurry has to be injected. For the specific case of 
application of fodder grass, slurry should also be injected, unless it has been treated by approved technologies appearing on the 
Danish Ministry of the Environment catalogue (as of 2013, these were essentially acidification technologies). Application of slurry 
not allowed after harvest, or between 1
st
 October to 1
st
 February, although there are some exceptions allowed (and cases where 
the interdiction is longer: 1
st
 September to 1
st
 March). For more details, see the relevant legislation “Bekendtgørelse om 
erhvervsmæssigt dyrehold, husdyrgødning, ensilage m.v.”: https://www.retsinformation.dk/Forms/R0710.aspx?id=152378#Kap10  
(b): Solid manure (including deep litter) cannot be applied between 15
th
 November to 1
st
 February. For more details, see the 
relevant legislation “Bekendtgørelse om erhvervsmæssigt dyrehold, husdyrgødning, ensilage m.v.”: 
https://www.retsinformation.dk/Forms/R0710.aspx?id=152378#Kap10 
(c): Upper ceiling for N: 140 kg per ha per y  
(d): Upper ceiling on N: 170 kg per ha per y 
(e): Fertilization on the basis on crop requirements for N, as found here in the annually published guideline entitled “vejledning om 
gødsknings- og harmoniregler” of the Ministry of Food, Agriculture and Fisheries of Denmark – The Danish Agrifish Agency. The 
latest verison can be found here: 
 http://naturerhverv.dk/fileadmin/user_upload/NaturErhverv/Filer/Landbrug/Goedningsregnskab/Vejledning_om_goedsknings-
_og_harmoniregler_2013-2014_september_2013_6_udgave_1_.pdf  
(f) In the calculation of N use, the following N efficiencies are considered for manure in the Danish legislation (2011-2013): dairy 
cow slurry: 70%; fattening pig slurry: 75%; solid manure: 65%; deep litter: 45%. As a result, farmers can, if for example applying 
fattening pig slurry, multiply the total crop N requirement by (1/75%), allowing them to apply slightly more N than if they would 
use e.g. mineral fertilizers. The corresponding Danish legislation can be found here: 
https://www.retsinformation.dk/Forms/R0710.aspx?id=157994  
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2.3.2 Estonia 
 
Table 2.12. Technological status for the field application stage: LCA reference systems for Estonia 
FIELD APPLICATION 
Animal 
production & 
manure system 
Transport 
distance, 
manure 
storage to 
field 
Type of 
manure 
spreader 
Soil type(s) to 
receive 
manure*  
Representative crop 
rotation 
Particular national 
legislation (applying in 
2011-2013) 
Other relevant 
information 
 (km) (description) (description) (description) (description) (description) 
Dairy cows, 
slurry, EE 
10 Trail hose 
tanker 
Loamy sand or 
gleysoil 
6 years rotation: 
spring barley (clover 
undersowed); grass-
clover mixture 
(twice)†; winter 
wheat; oilseed rape 
See note (a), (b) - 
Fattening pig, 
slurry, EE 
10 Trail hose 
tanker 
Loamy sand or 
gleysoil 
5 years rotation: 
rye; winter oilseed 
rape; winter wheat; 
spring barley; rye 
See note (a), (b) - 
* More details in Appendix A about the different soil types 
† Consisting of 25% red clover and 75% hay 
(a) In Estonia, the amount of manure spreading is limited by the content of nitrogen (170 kg N ha per planning period) and content 
of phosphorus (25 kg P ha per planning period). The farmers calculate the fertilization needs based on the plant needs, manure 
nutrient content and manure nutrient availability for plants. See relevant legislation here: 
 https://www.riigiteataja.ee/akt/12769937 and here for plant needs (regulation 288): 
https://www.riigiteataja.ee/akt/720428?leiaKehtiv  
(b) Spreading not allowed in winter or on frozen land, see relevant legislation here: https://www.riigiteataja.ee/akt/12769937  
 
 
2.3.3 Finland 
 
Table 2.13. Technological status for the field application stage: LCA reference systems for Finland 
FIELD APPLICATION 
Animal 
production & 
manure system 
Transport 
distance, 
manure 
storage to 
field 
Type of 
manure 
spreader 
Soil type(s) to 
receive 
manure*  
Representative crop 
rotation 
Particular national 
legislation (applying in 
2011-2013) 
Other relevant 
information 
 (km) (description) (description) (description) (description) (description) 
Dairy cows, 
slurry, FI 
3 Trail hose 
tanker 
Coarse and fine 
sand 
4-5 years rotation: 1 
y spring barley or 
oats harvested as 
whole crop silage + 
3-4 years  grass 
(Timothy & Meadow 
fescue) 
See note (a), (b), (c) and 
(d) 
- 
Fattening pig, 
slurry, FI 
3 Trail hose 
tanker 
Clay 2 years rotation: 
wheat; barley 
See note (a), (b), (c) and 
(d) 
- 
Broilers, litter, 
FI 
3 Broadcast 
application, 
incorporation 
within 24 
hours 
Clay, silt and 
fine sand 
2 years rotation: 
wheat; barley 
See note (a), (b), (c) and 
(d) 
- 
* More details in Appendix A about the different soil types 
(a): Spreading allowed between 15 April - 15 Oct (restrictions for spreading in autumn; nitrate directive). If no frost and soil is dry, 
then: 1 April – 15 Nov. 
(b): Upper ceiling for manure N: 170 kg tot-N ha
-1
 y
-1
 on all farms. 
(c): There are plant-specific maximum N application levels (nitrate directive) and P application levels 
(d): P fertilization in the Finnish agri-environmental support system: i) for cereals: in an average situation mineral-P application 
levels for cereals is 11 kg/ha but in case of manure-P fertilization, levels of 15 kg/ha can be applied; ii) for grass: in an average 
situation mineral-P application levels for grass is 16 kg/ha but in case of manure-P fertilization, levels of 30 kg/ha can be applied 
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2.3.4 Poland 
 
Table 2.14. Technological status for the field application stage: LCA reference systems for Poland 
FIELD APPLICATION 
Animal 
production & 
manure system 
Transport 
distance, 
manure 
storage to 
field 
Type of 
manure 
spreader 
Soil type(s) to 
receive 
manure*  
Representative crop 
rotation 
Particular national 
legislation (applying in 
2011-2013) 
Other relevant 
information 
 (km) (description) (description) (description) (description) (description) 
Dairy cows, 
solid manure, 
PL 
30† Rear discharge 
spreader 
Fine sandy 
loam 
5 years rotation: 
sugar beet; oilseed 
rape; barley; wheat; 
rye 
See note (a) - 
Fattening pig, 
solid manure, 
PL 
30† Rear discharge 
spreader 
Fine sandy 
loam 
As for dairy cow 
solid manure 
See note (a) - 
* More details in Appendix A about the different soil types 
† To be seen as a maximum 
(a) EU nitrate directive (part of the water framework Directive): ceiling of 170 kg N/ha. More details at: 
http://ec.europa.eu/environment/water/water-nitrates/  
 
2.3.5 Sweden 
 
Table 2.15. Technological status for the field application stage: LCA reference systems for Sweden 
FIELD APPLICATION 
Animal 
production & 
manure system 
Transport 
distance, 
manure 
storage to 
field 
Type of 
manure 
spreader 
Soil type(s) to 
receive 
manure*  
Representative crop 
rotation 
Particular national 
legislation (applying in 
2011-2013) 
Other relevant 
information 
 (km) (description) (description) (description) (description) (description) 
Dairy cows, 
slurry, SE 
3 Trail hose 
tanker 
Sandy loam 6 years rotation: 
Spring barley, laid 
down to ley for 2 
years; spring barley, 
oats, spring barley. 
See note (a) - 
Fattening pig, 
slurry, SE 
3 Trail hose 
tanker 
Sandy loam 5 years rotation: 
spring barley, winter 
wheat, spring 
barley, winter 
wheat, oats 
See note (a) - 
Broilers, litter, 
SE 
3 Solid manure 
spreader, 
broadcast 
Sandy loam Taken as fattening 
pig slurry. 
See note (a) - 
Horses, solid 
manure, SE 
3 Solid manure 
spreader, 
broadcast 
Sandy loam Taken as dairy cow 
slurry. 
See note (a) Recreative horses 
* More details in Appendix A about the different soil types 
(a): 22 kg of P is allowed to be spread per ha calculated as a yearly average over a five year period (SBA, 2012). Application is 
calculated for the whole available area and can therefore be much higher on a single field. Limitation on nitrogen is 150 kg of NH4-N 
per ha and year. 
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2.4 Correspondence between manure types 
Correspondence between manure types are presented in Table 2.16, for all reference systems. These figures are based on the mass 
balances (water, straw/peat, DM losses) established for all of these systems.  
 
Table 2.16. Correspondence between manure types for all reference systems. All data in ton per ton manure ex-animal† 
 DK EE FI PL SE 
Ex-
animal 
Ex-
housing 
Ex-
storage 
Ex-
animal 
Ex-
housing 
Ex-
storage 
Ex-
animal 
Ex-
housing 
Ex-
storage 
Ex-
animal 
Ex-
housing 
Ex-
storage 
Ex-
animal 
Ex-
housing 
Ex-
storage 
Dairy cows, slurry 1 1.096 1.112 1 1.087 1.196 1 1.116 1.195 - - - 1 1.340 1.846 
Fattening pig, slurry 1 1.002 1.021 1 1.030 1.139 1 1.031 1.092 - - - 1 1.410 1.407 
Bulls, deep litter 1 1.379* 0.904 - - - - - - - - - - - - 
Hens, solid 1 0.657 0.629 - - - - - - - - - - - - 
Broilers, litter - - - - - - 1 0.960 0.904 - - - 1 0.933 0.764 
Dairy cows, solid manure - - - - - - - - - 1 1.518 1.602 - - - 
Fattening pig, solid manure - - - - - - - - - 1 1.657 1.789 - - - 
Horses, solid manure - - - - - - - - - - - - 1 1.265 1.114 
* For the 35% portion that is stored (storage is here an additional in-house storage period). This stage does not take place for the 65% portion that is applied directly after the 
(temporal) in-house storage. 
† The number of digits does not reflect the precision, but are only included as these numbers are used for further calculations. 
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3 Reference manure composition and emission flows 
 
This section describes the reference manure composition established for each of the 15 reference 
systems, grouped per BSR country. It also presents the emission flows considered, as well as all 
data sources and algorithms used to establish these references. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Box 3.1: Emission factors of the IPCC guidelines (Volume 4, chapter 10): clarifying a 
misunderstanding 
 
 
  
Using the IPCC guidelines to estimate emissions from manure management in LCA: 
clarifying a common misunderstanding 
 
It has been, in recent years, common practice to use the IPCC guidelines (IPCC 2006; Volume 
4, chapter 10: emissions from livestock and manure management) in order to estimate the 
emissions from manure management in life cycle assessments (e.g. Wesnæs et al., 2009; 
Hamelin et al., 2011; Tonini et al., 2012). These guidelines were seen as very useful for the 
purpose of LCA, since they provide emission factors for CH4 and N2O emissions for both the 
in-housing and outdoor storage stages. However, it appears that a misunderstanding of the 
guidelines has emerged in the way the emissions factors were applied in LCAs so far. 
 
Within this project, the IPCC was contacted. In accordance with personal communication with 
Nalin Srivastava, Technical Support Unit of the IPCC TFI (Srivastava, August, 2013) and 
according to personal communication with Barbara Amon, Leibniz-Institut für Agrartechnik 
Potsdam-Bornim e.V., Potsdam, Germany (August, 2013) it was clarified that the IPCC (2006) 
factors are developed for manure systems where the manure is stored either in-house or 
outdoor. These factors are thus not directly transferrable to systems like the BSR reference 
manure management systems developed herein, where the manure is typically first stored 
in-house for a period, and after this transferred to an outdoor storage. The IPCC factors for 
in-house and outdoor storage should thus not simply be added as it was typically done so far, 
as this would lead to a double-counting of the emissions. 
 
Further, the IPCC guidelines propose some “default” emission factors or calculation 
parameters in function of local conditions, e.g. temperature, presence of a natural crust, etc. 
One such parameter is the methane conversion factor (MCF) used to estimate the methane 
emissions from manure storage.  Although pilot studies across the BSR tend to demonstrate 
MCF lower than IPCC’s default factors, the reference scenarios proposed herein for LCA are 
based on the default factors. The reason for this is to ensure consistency for all references 
scenarios presented, and prevent unfounded discrepancy between countries (e.g. those for 
which results from pilot studies are available versus those for which such data are not 
available). 
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3.1 Denmark 
3.1.1 Fattening pig slurry 
Table 3.1. Reference manure composition for fattening pig slurry, Denmark 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
0.47 0.47d 0.48 Data needed to ensure correspondence between each manure stage. Values ex-
animal and ex-storage based on (Poulsen, 2011). Value ex-housing based on 
mass balanced. A net water addition of 0.02 m3 per tonne manure is considered 
during outdoor storage. 
Total N 
(kg t-1) 
6.00 5.26 5.03 N ex-animal from (Poulsen, 2011). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.2. The N from straw 
additione in-house and as a floating layer during outdoor storage is estimated as 
0.009 kg per tonne manure ex-animal and 0.011 kg per tonne manure ex-storage, 
respectively.  
P  
(kg t-1) 
1.21 1.21 1.19 P ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The P from straw additione in-house and as a floating layer during 
outdoor storage is estimated as 0.001 kg per tonne manure ex-animal and 0.002 
kg per tonne manure ex-storage, respectively. 
K  
(kg t-1) 
2.83 2.85 2.83 K ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The K from straw additione in-house and as a floating layer during 
outdoor storage is estimated as 0.025 kg per tonne manure ex-animal and 0.03 
kg per tonne manure ex-storage, respectively. 
DM  
(kg t-1) 
74.5 68.6 66.0 DM ex-storage from (Poulsen, 2011). Losses during storage: 5 % of the ex-
housing values; losses during housing: 10 % of the ex-animal value, based on 
(Poulsen, 2008).  
VS  
(kg t-1) 
60.4 54.4 52.1 VS ex-storage are assumed to constitute 79 % of the DM content. Losses 
considered during storage and housing (absolute values) are the same as for DM 
(i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
33.5 33.5 31.6 C ex-storage = 47.9 % of DM ex-storage for pigs, based on the ratio C: DM 
obtained by (Knudsen and Birkmose, 2005). Losses considered (during housing 
and during storage): CH4 and CO2. Details on C losses are in Table 3.2. The C from 
straw additione in-house and as a floating layer during outdoor storage is 
estimated as 0.75 kg per tonne manure ex-animal and 0.95 kg per tonne manure 
ex-storage, respectively. 
Cu  
(g t-1) 
31.0 31.0 30.4 Cu ex-storage = 0.0453 % of DM ex-storage, based on the ratio Cu: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage. The Cu from straw additione in-house and as a floating layer during 
outdoor storage is estimated as 4.93 mg per tonne manure ex-animal and 6.25 
mg per tonne manure ex-storage, respectively.  
Zn  
(g t-1) 
90.8 90.7 89.1 Zn ex-storage = 0.135 % of DM ex-storage, based on the ratio Zn: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage. The Zn from straw additione in-house and as a floating layer during 
outdoor storage is estimated as 75.6 mg per tonne manure ex-animal and 95.9 
mg per tonne manure ex-storage, respectively.  
NH4-N 
(kg t-1) 
4.20 3.95 3.08 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.75 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.70 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne slurry ex-animal. b All values of this column are expressed per tonne slurry ex-housing. c 
All values of this column are expressed per tonne slurry ex-storage. d The non-rounded value ex-housing is 0.47089 t pig-1, and considers a 
net water addition in-house of 3.57 kg water per pig, the straw addition described below and DM losses as in this Table. e The N, P and K 
addition from straw added in the stable considers, based on (Poulsen, 2008), an addition of 3 kg of straw per animal per year, 3.3 rotations 
per year, and the above-mentioned amount of manure ex-animal and ex-housing, yielding a total of 0.0019 t straw per tonne manure ex-
housing. For the floating layer, the amount considered is based on (Wesnæs et al., 2009), i.e. 2.5 kg per tonne manure ex-housing. The 
straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 
mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based on an average of 13 
values from the Biolex database (FORCE Technology, 2013). 
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Table 3.2. Life cycle inventory data for the reference management of fattening pig slurry, Denmark 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.71 0.099 0.60 0.17 kg NH3-N per kg TAN
a 
(Poulsen, 2008), with 0.7 kg 
TAN/kg N (EMEP/EEA, 2010). 
2.5 % of TANa ex-housing 
(Poulsen, 2008); the N ex-
housing being estimated 
according to (Poulsen, 
2008), i.e.: N ex-animal 
minus NH3-N losses in-house 
(and not accounting for 
other losses). 
12% of N applied (Hansen et 
al., 2008) (this is an average 
for application by trail hose 
tanker, excluding illegal 
dates). 
NH3-N, at 
application, (kg) 
  0.015    0.5% of TAN applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.009 0.021 0.050 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.96×10-4 1.84×10-4 0.005 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 2.29  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical Danish N-
LES4 model (Kristensen et al., 
2008; Appendix E). 
N2-N, (kg) 0.013 0.012  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.30 0.89 30.0 1.83 kg CO2 per kg CH4, see 
Appendix D. 
1.83 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.45 1.34 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 10%. The overall emission 
calculated with this algorithm was distibuted as 25% due to 
in-house, and 75% to outdoor storageb. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.03 
 
 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
5% of surplus, based on 
(Hamelin et al., 2012) (see 
also Appendix C and F) 
indirect N2O-N 
(volatilization) 
(kg) 
7.14×10-3 9.91×10-4 0.006 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.013  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). A similar logic was applied to distribute the CH4 emissions, 
where a MCF of 3 % is presented for calculating the methane emission when the slurry is stored in-house for the whole period, and 
a MCF of 10% for the emission occuring at both in-house and outdoor storage stages. The percentage distribution for in-house was 
thus calculated as the CH4 emission with MCF of 3% / (emission with MCF of 3% + emission with MCF of 10%). It is acknowledged 
that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather arbitrary anyway. However, such 
distribution is needed for the LCA purpose.  
  
 
 
  
26 
 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
3.1.2 Dairy cow slurry 
Table 3.3. Reference manure composition for dairy cow slurry, Denmark 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
22.1 24.2d 24.6 Data needed to ensure correspondence between each manure stage. Values ex-
animal and ex-storage based on (Poulsen, 2011). Value ex-housing based on 
mass balanced. A net water addition of 0.02 m3 per tonne manure is considered 
during outdoor storage. 
Total N 
(kg t-1) 
6.40 5.29 5.07 N ex-animal from (Poulsen, 2011). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.4. The N from straw 
additione in-house is estimated as 0.03 kg per tonne manure ex-animal.  
P  
(kg t-1) 
0.92 0.84 0.83 P ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The P from straw additione in-house is estimated as 0.005 kg per tonne 
manure ex-animal. 
K  
(kg t-1) 
4.62 4.29 4.23 K ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The K from straw additione in-house is estimated as 0.084 kg per tonne 
manure ex-animal. 
DM  
(kg t-1) 
114.7 99.3 93.0 DM ex-storage from (Poulsen, 2011). Losses during storage: 5 % of the ex-
housing values; losses during housing: 10 % of the ex-animal value, based on 
(Poulsen, 2008).  
VS  
(kg t-1) 
98.1 84.2 78.1 VS ex-storage are assumed to constitute 84 % of the DM content. Losses 
considered during storage and housing (absolute values) are the same as for DM 
(i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
47.8 44.8 40.8 C ex-storage = 43.9 % of DM ex-storage, based on the ratio C: DM obtained by 
(Knudsen and Birkmose, 2005). Losses considered (during housing and during 
storage): CH4 and CO2. Details on C losses are in Table 3.4. The C from straw 
additione in-house is estimated as 2.56 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
11.6 10.6 10.5 Cu ex-storage = 0.011 % of DM ex-storage, based on the ratio Cu: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage. The Cu from straw additione in-house is estimated as 16.8 mg per tonne 
manure ex-animal.  
Zn  
(g t-1) 
22.2 20.5 20.2 Zn ex-storage = 0.022 % of DM ex-storage, based on the ratio Zn: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage. The Zn from straw additione in-house is estimated as 258 mg per tonne 
manure ex-animal.  
NH4-N 
(kg t-1) 
3.84 3.17 2.09 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.60 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.60 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne slurry ex-animal. b All values of this column are expressed per tonne slurry ex-housing. c 
All values of this column are expressed per tonne slurry ex-storage. d Considers a net water addition in-house of 2.20 t water per animal, 
the straw addition described below and DM losses presented in this Table. e The N, P and K addition from straw added in the stable 
considers, based on (Poulsen, 2008), an addition of 0.146 t  of straw per animal per year, and the amount of manure ex-animal and ex-
housing presented in this Table, yielding a total of 0.006 t straw per tonne manure ex-housing. The straw DM content is 85 % (Møller et al., 
2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on 
(Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based on an average of 13 values from the Biolex database (FORCE 
Technology, 2013). 
  
 
 
  
27 
 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
Table 3.4. Life cycle inventory data for the reference management of dairy cow slurry, Denmark 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.61 0.11 0.82 0.16 kg NH3-N per kg TAN
a 
(Poulsen, 2008, table 8.3), with 
0.6 kg TAN/kg N (EMEP/EEA, 
2010). 
3.4 % of TANa ex-housing 
(Poulsen, 2008, Table 9.7), 
with 0.6 kg TAN/kg N 
(Poulsen, 2008; Table 9.7); 
the N ex-housing being 
estimated according to 
(Poulsen, 2008), i.e.: N ex-
animal minus NH3-N losses 
in-house (and not 
accounting for other losses). 
16% of N applied (Hansen et 
al., 2008) (this is an average 
for application by trail hose 
tanker, excluding illegal 
dates). 
NH3-N, at 
application, (kg) 
  0.010    0.5% of TAN applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.010 0.020 0.051 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.79×10-4 1.48×10-4 0.005 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 2.08  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical Danish N-
LES4 model (Kristensen et al., 
2008; Appendix E). 
N2-N, (kg) 0.012 0.010  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.64 1.46 38.8 2.13 kg CO2 per kg CH4, see 
Appendix D. 
2.13 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.69 1.89 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 10%. The overall emission 
calculated with this algorithm was distibuted as 25% due to 
in-house, and 75% to outdoor storageb. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.028 
 
 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
5% of surplus, based on 
(Hamelin et al., 2012) (see 
also Appendix C and H) 
indirect N2O-N 
(volatilization) 
(kg) 
6.14×10-3 1.08×10-3 0.008 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0156  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). A similar logic was applied to distribute the CH4 emissions, 
where a MCF of 3 % is presented for calculating the methane emission when the slurry is stored in-house for the whole period, and 
a MCF of 10% for the emission occuring at both in-house and outdoor storage stages. The percentage distribution for in-house was 
thus calculated as the CH4 emission with MCF of 3% / (emission with MCF of 3% + emission with MCF of 10%). It is acknowledged 
that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather arbitrary anyway. However, such 
distribution is needed for the LCA purpose.  
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3.1.3 Bulls deep litter (with storage) 
Tables 3.5 and 3.6 present, respectively, the manure composition and life cycle inventory data, for 
the 35% of bull manure that is not directly spread (i.e. long in-house storage). 
 
Table 3.5. Reference manure composition for dairy cow slurry, Denmark 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex-
(long) indoor 
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
2.82 3.89d 2.55 Data needed to ensure correspondence between each manure stage. Values ex-
animal and ex-storage based on (Poulsen, 2011). Value ex-housing based on 
mass balanced. No water addition during (long) indoor storage. 
Total N 
(kg t-1) 
8.62 7.23 10.03 N ex-animal from Poulsen (2011). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.6. The N from straw 
additione in-house is estimated as 3.49 kg per tonne manure ex-animal.  
P  
(kg t-1) 
1.34 1.40 2.14 P ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The P from straw additione in-house is estimated as 0.59 kg per tonne 
manure ex-animal. 
K  
(kg t-1) 
4.40 10.37 15.81 K ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage. The K from straw additione in-house is estimated as 9.90 kg per tonne 
manure ex-animal. 
DM  
(kg t-1) 
129.8 546.3 300 DM ex-storage from (Poulsen, 2011). Losses during (long indoor) storage: 64 % of 
the ex-housing valuesf; losses during housing (temporal in-house storage period): 
28 % of the ex-animal value, based on (Poulsen, 2008).  
VS  
(kg t-1) 
86.4 514.8 252 VS ex-storage are assumed to constitute 84 % of the DM content, based on un-
published Danish data. Losses considered during storage and housing (absolute 
values) are the same as for DM (i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
47.8 240.1 353.8 The excreted C is assumed to be the same as for dairy cow; values ex-housing 
and ex-storage are based on mass balances. Losses considered (during housing 
and during long indoor storage): CH4 and CO2. Details on C losses are in Table 3.6. 
The C from straw additione in-house is estimated as 301 kg per tonne manure ex-
animal. 
Cu  
(g t-1) 
5.34 5.31 8.10 Cu ex-animal from ASAE (2003); values ex-housing and ex-storage are based on 
mass balances. No losses considered during housing and storage. The Cu from 
straw additione in-house is estimated as 1.98 g per tonne manure ex-animal.  
Zn  
(g t-1) 
19.0 35.8 54.6 Zn ex-animal from ASAE (2003); values ex-housing and ex-storage are based on 
mass balances. No losses considered during housing and storage. The Zn from 
straw additione in-house is estimated as 30.4 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
5.17 1.45 2.01 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.20 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.60 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Considers a net water loss (evaporation) in-house of 1.02 
t water per animal, the straw addition described below and DM losses presented in this Table. e The N, P and K addition from straw added 
in the stable considers, based on (Poulsen, 2008), an addition of 2.19 t  of straw per animal per year, and the amount of manure ex-animal 
and ex-housing presented in this Table, yielding a total of 0.563 t straw per tonne manure ex-housing. The straw DM content is 85 % 
(Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, 
based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based on an average of 13 values from the Biolex database 
(FORCE Technology, 2013). f According to Poulsen (2008), DM losses should be 45% of the ex-housing value. Here, 64% have been used in 
order to have a ”reasonable” DM ab-animal when balancing the mass balances (e.g. the asabe manure standard indicates ca. 120 kg DM 
per t manure ex-animal: http://www.extension.org/sites/default/files/w/f/f7/Table1and2excretion.pdf). 
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Table 3.6. Life cycle inventory data for the reference management of bull deep litter, Denmark 
(portion ongoing a long indoor storage, i.e. the portion that is not “direct spreading”) 
  
 Substances 
Life cycle stage Comments 
in-house 
(regular) 
storage 
(extra) 
indoor 
storage 
field 
in-house (regular) storage (extra) indoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.52 0.18 0.71 0.06 kg NH3-N per kg N 
(Poulsen, 2008) 
3.0 % of total Na ex-housing 
(Poulsen, 2008); the N ex-
housing being estimated 
according to (Poulsen, 
2008), i.e.: N ex-animal 
minus NH3-N losses in-house 
(and not accounting for 
other losses). 
0.35 kg NH3-N per kg TANa 
applied, based on an average 
from Hansen et al. (2008). 
NH3-N, at 
application, (kg) 
  0.02    1% of TAN applied, factor for 
widespreading (Hansen et 
al., 2008). 
N2O-N, (kg) 0.043 0.031 0.100 0.01 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed as 
50% to in-housing and 50% to outdoor storage (deep-litter, no 
mixing). 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
2.41×10-2 6.74×10-3 0.01 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; Table 
3.9). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010; 
Table 3.9). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 4.54  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical Danish N-
LES4 model (Kristensen et al., 
2008; Appendix E). 
N2-N, (kg) 1.551 0.434  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; table 
3.9). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010; 
Table 3.9). 
  
CO2-C, (kg) 17.3 5.89 265.3 100.98 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
100.98 kg CO2 per kg NH3, 
see Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for deep litter, see 
Appendix D. 
CH4-C (kg) 0.56 2.29 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 17%. The overall emission 
calculated with this algorithm was distibuted as 15% due to 
(regular) in-house, and 85% to (additional indoor) storageb. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.08 
 
 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
5% of surplus, based on 
(Hamelin et al., 2012) (see 
also Appendix C and H) 
indirect N2O-N 
(volatilization) 
(kg) 
5.41×10-3 1.83×10-3 0.007 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.034  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), a MCF of 3 % is presented for calculating the methane emission when the deep litter is stored in-house for less 
than 1 month, and a MCF of 17% when the deep litter is stored over 1 month. The percentage distribution for in-house was thus 
calculated as the CH4 emission with MCF of 3% / (emission with MCF of 3% + emission with MCF of 17%). It is acknowledged that 
this rationale is weak; yet, any distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is 
needed for the LCA purpose. In this case, however, it does not really matter, as the whole storage period is indoor. 
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3.1.4 Bulls deep litter (direct spreading) 
Tables 3.7 and 3.8 present, respectively, the manure composition and life cycle inventory data, for 
the 65% of bull manure that is directly spread (i.e. “regular” in-house storage only and no outdoor 
storage). 
 
Table 3.7. Reference manure composition for bull manure (direct spreading), Denmark 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex- 
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
2.82 3.55d 2.55 Data needed to ensure correspondence between each manure stage. Values ex-
animal and ex-storage based on (Poulsen, 2011). Value ex-housing based on 
mass balanced. No rain water addition as no outdoor storage. 
Total N 
(kg t-1) 
8.62 10.97 10.97 N ex-animal from Poulsen (2011). Losses considered during housing: NH3, N2O, 
N2, NO. Details on N losses are in Table 3.8. The N from straw addition
e in-house 
is estimated as 3.49 kg per tonne manure ex-animal.  
P  
(kg t-1) 
1.34 2.14 2.14 P ex-animal from (Poulsen, 2011). No losses considered during (in-house) storage 
storage. The P from straw additione in-house is estimated as 0.59 kg per tonne 
manure ex-animal. 
K  
(kg t-1) 
4.40 15.81 15.81 K ex-animal from (Poulsen, 2011). No losses considered during housing. The K 
from straw additione in-house is estimated as 9.90 kg per tonne manure ex-
animal. 
DM  
(kg t-1) 
129.8 546.3 300 DM ex-animal taken as for bulls (with storage). Value ex-housing is based on 
mass balance, considering a loss of 28 % of the ex-animal value, based on 
(Poulsen, 2008).  
VS  
(kg t-1) 
86.4 785.8 785.8 VS ex-animal taken as for bulls (with storage). Losses considered during housing 
(absolute values) are the same as for DM (i.e. it is assumed that all DM lost was 
VS).  
C  
(kg t-1) 
47.8 366.4 366.4 The excreted C is assumed to be the same as for dairy cow; value ex-housing is 
based on mass balances. Losses considered: CH4 and CO2. Details on C losses are 
in Table 3.8. The C from straw additione in-house is estimated as 301 kg per 
tonne manure ex-animal. 
Cu  
(g t-1) 
5.34 8.10 8.10 Cu ex-animal from ASAE (2003); value ex-housing is based on mass balances. No 
losses considered during housing and storage. The Cu from straw additione in-
house is estimated as 1.98 g per tonne manure ex-animal.  
Zn  
(g t-1) 
19.0 54.6 54.6 Zn ex-animal from ASAE (2003); value ex-housing is based on mass balances. No 
losses considered during housing and storage. The Zn from straw additione in-
house is estimated as 30.4 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
5.17 2.20 2.20 Value ex-storage (and here ex-housing) based on (Poulsen, 2011). Value ex-
animal assuming 0.60 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. This is here the same as ex-housing, due to the direct 
spreading d Considers a net water loss (evaporation) in-house of 2.35 t water per animal, the straw addition described below and DM losses 
presented in this Table. e The N, P and K addition from straw added in the stable considers, based on (Poulsen, 2008), an addition of 2.19 t  
of straw per animal per year, and the amount of manure ex-animal and ex-housing presented in this Table, yielding a total of 0.859 t straw 
per tonne manure ex-housing. The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 
0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg 
DM, based on an average of 13 values from the Biolex database (FORCE Technology, 2013).  
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Table 3.8. Life cycle inventory data for the reference management of bull deep litter, Denmark 
(portion ongoing “direct spreading”) 
  
 Substances 
Life cycle stage Comments 
in-house 
(regular) 
storage 
 field 
in-house (regular) storage  field 
  
per 
tonne ex-
animal 
manure 
 
per 
tonne 
ex-
storage 
manure      
NH3-N (kg) 0.52  0.78 0.06 kg NH3-N per kg N 
(Poulsen, 2008). 
 0.35 kg NH3-N per kg TANa 
applied, based on an average 
from Hansen et al. (2008). 
NH3-N, at 
application, (kg) 
  0.022    1% of TAN applied, factor for 
widespreading (Hansen et 
al., 2008). 
N2O-N, (kg) 0.086  0.11 0.01 kg N2O-N per kg N ex-
animal (IPCC, 2006a) (deep-
litter, no mixing) 
 1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
2.41×10-2  0.011 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; Table 
3.9). 
 0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0  4.87 No leaching from housing, 
based on (Hamelin et al., 
2011). 
 Based on empirical Danish N-
LES4 model (Kristensen et al., 
2008; Appendix E). 
N2-N, (kg) 1.55   0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; table 
3.9). 
   
CO2-C, (kg) 17.3  274.6 100.98 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
 75% of the C applied ends up 
as CO2-C for deep litter, see 
Appendix D. 
CH4-C (kg) 0.65  0 Adaptation of the IPCC Tier 2 
algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 
3% (storage less than 1 
month).  
 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0  0.077  No leaching from housing, 
based on (Hamelin et al., 
2011).  
5% of surplus, based on 
(Hamelin et al., 2012) (see 
also Appendix C and H) 
indirect N2O-N 
(volatilization) 
(kg) 
5.41×10-3  0.008 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
 1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0  0.0365  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
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3.1.5 Hens manure 
Tables 3.9 and 3.10 present, respectively, the manure composition and life cycle inventory data, 
for hens manure. 
 
Table 3.9. Reference manure composition for hens solid manure, Denmark 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex- 
storagec 
Source and assumptions 
Mass  
(t per 100 
animal per y) 
4.48 2.95d 2.82 Data needed to ensure correspondence between each manure stage. Values ex-
animal and ex-storage based on (Poulsen, 2011). Value ex-housing based on 
mass balanced. No rain water addition during outdoor storage (thight structure). 
Total N 
(kg t-1) 
15.5 16.9 15.4 N ex-animal from Poulsen (2011). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.10.  
P  
(kg t-1) 
3.50 5.33 5.57 P ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage.  
K  
(kg t-1) 
5.76 8.76 9.15 K ex-animal from (Poulsen, 2011). No losses considered during housing and 
storage.  
DM  
(kg t-1) 
307.2 425.5 400 DM ex-storage from (Poulsen, 2011). Losses during in-house storage taken as the 
sum of C and N losses (Table 3.10). Losses during storage: 10% of the housing 
value, based on (Poulsen, 2008)e.  
VS  
(kg t-1) 
231.6 310.6 280 VS ex-storage are assumed to constitute 70 % of the DM content, based on 
Quiroga et al. (2010). Losses considered during storage and housing (absolute 
values) are the same as for DM (i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
124 154 152 C ex-housing taken as 36.2% of DM (ex-housing), based on Quiroga et al. (2010). 
Values ex-animal and ex-storage are based on mass balances. Losses considered: 
CH4 and CO2. Details on C losses are in Table 3.10.  
Cu  
(g t-1) 
222 338 353 Cu ex-housing based on Godbout et al. (2011). No losses considered during 
housing and storage.  
Zn  
(g t-1) 
742 1128 1178 Zn ex-housing based on Godbout et al. (2011). No losses considered during 
housing and storage 
NH4-N 
(kg t-1) 
10.9 5.92 5.38 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.35 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.70 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Considers a net water loss (evaporation) in-house of 1.35 
t water per 100 animal, the DM losses being as presented in this Table. e The value of Poulsen (2008) was used, but it is acknowledged that 
this may be slightly overestimated, since the storage is completely covered. 
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Table 3.10. Life cycle inventory data for the reference management of hens solid manure, Denmark 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne 
ex-
animal 
manure 
per tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 1.09 0.38 1.07 0.1 kg NH3-N per kg TAN
a 
(Poulsen, 2008), with 0.7 kg 
TAN per kg N ex-animal (EMEP-
EEA, 2010) 
5 % of TAN ex-housing 
(Poulsen, 2011; Table 9.7); 
the N ex-housing being 
estimated according to 
Poulsen et al. (2008), i.e.: N 
ex-animal minus NH3-N 
losses in-house (and not 
accounting for other losses). 
0.07 kg NH3-N per kg N ex-
storage, based on Leip et al. 
(2010) as well as Hansen et 
al. (2008). 
NH3-N, at 
application, (kg) 
  0.054    1% of TAN applied, factor for 
widespreading (Hansen et 
al., 2008). 
N2O-N, (kg) 0.008 0.012 0.15 0.001 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 50% to in-housing and 50% to outdoor storage (poultry 
manure, no litter). 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
5.07×10-
2 
2.76×10-2 0.015 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; Table 
3.9). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010; 
Table 3.9). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 7.30  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical Danish N-
LES4 model (Kristensen et al., 
2008; Appendix E). 
N2-N, (kg) 3.26 1.77  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010; table 
3.9). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010; 
Table 3.9). 
  
CO2-C, (kg) 22.46 7.94 113.8 62.46 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
62.46 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 0.56 0.86 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 1.50% (poultry manure, no litter). 
The overall emission calculated with this algorithm was 
distibuted as 50% to in-housing and 50% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.196 
 
 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
5% of surplus, based on 
(Hamelin et al., 2012) (see 
also Appendix C and H) 
indirect N2O-N 
(volatilization) 
(kg) 
1.14×10-
2 
4.12×10-3 0.01 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.055  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
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3.2 Estonia 
3.2.1 Fattening pig slurry 
Tables 3.11 and 3.12 present, respectively, the manure composition and life cycle inventory data, 
for the reference fattening pig slurry applying in Estonia. 
 
Table 3.11. Reference manure composition for fattening pig slurry, Estonia 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
0.500 0.515 0.569 Value ex-animal based on Kaasik (2013). A net water addition of 0.11 m3 per 
tonne manure is considered during outdoor storage. Value ex-housing and ex-
storage based on mass balance (considering DM loss from this Table). 
Total N 
(kg t-1) 
7.00 6.05 4.98 N ex-animal from Kaasik (2013). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.12.  
P  
(kg t-1) 
1.20 1.17 1.05 P ex-animal from Kaasik (2013). No losses considered during housing and 
storage.  
K  
(kg t-1) 
2.80 2.72 2.46 K ex-animal from Kaasik (2013). No losses considered during housing and 
storage.  
DM  
(kg t-1) 
72.0 71.7 67.4 DM ex-animal from Kaasik (2013). Losses during storage: 5 % of the ex-housing 
values; losses during housing: 0.33 % of the ex-animal value, based on (Poulsen, 
2008)d.  
VS  
(kg t-1) 
56.6 56.8 54.0 VS ex-storage are assumed to constitute 80 % of the DM content, based on 
sampling data from 2 farmse. Losses considered during storage and housing 
(absolute values) are the same as for DM (i.e. it is assumed that all DM lost was 
VS).  
C  
(kg t-1) 
39.6 38.3 32.3 C ex-storage = 47.9 % of DM ex-storage for pigs, based on the ratio C: DM 
obtained by (Knudsen and Birkmose, 2005). Losses considered (during housing 
and during storage): CH4 and CO2. Details on C losses are in Table 3.12.  
Cu  
(g t-1) 
35.4 34.4 31.1 Cu ex-storage = 0.0453 % of DM ex-storage, based on the ratio Cu: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage.  
Zn  
(g t-1) 
104 101 91.1 Zn ex-storage = 0.135 % of DM ex-storage, based on the ratio Zn: DM obtained by 
(Knudsen and Birkmose, 2005). No losses considered during housing and storage.  
NH4-N 
(kg t-1) 
4.13 4.54 3.48 Value ex-storage based on Estonian data. Value ex-housing assuming 0.75 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.70 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne slurry ex-animal. b All values of this column are expressed per tonne slurry ex-housing. c 
All values of this column are expressed per tonne slurry ex-storage. d Poulsen (2008) presents housing losses of 10% of the ex-animal value 
(for Denmark, where the average storage duration is 30 d). Estonia has a storage duration of 1 d; assuming a linear relation, losses were 
thus estimated as 0.33% of the ex-animal value. e These data were obtained within the Baltic Manure project, WP6. 
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Table 3.12. Life cycle inventory data for the reference management of fattening pig slurry, Estonia 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.75 0.50 0.60 13% of N from housing is lost 
as NH3 (Estonian regulation 48) 
10% of N from storage is 
lost as NH3 (Estonian 
regulation 48) 
12% of N applied (based on 
Hansen et al., 2008)  
NH3-N, at 
application, (kg) 
  0.02    0.5% of TANa applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.011 0.024 0.050 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.93×10-4 2.12×10-4 0.005 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 missing  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Missing data 
N2-N, (kg) 0.012 0.014  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.07 1.03 30.7 1.83 kg CO2 per kg CH4, see 
Appendix D. 
1.83 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.10 1.55 0 Based on Sommer et al. 
(2004) algorithm, for a 
storage duration of 1d, a BMP 
of 0.27 kg CH4/kg VS and a 
TBMP of 0.40 kg CH4/kg VS. 
Based on IPCC Tier 2 
algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 
10%. This gives the total 
emission for in-house and 
outdoor storage, from which 
the emission from in-house 
storage was deducted. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 missing 
   
 
Missing data 
indirect N2O-N 
(volatilization) 
(kg) 
7.05×10-3 4.98×10-3 0.006 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 Missing 
(as 
depends 
upon 
NO3-N) 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any 
distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is needed for the LCA purpose.   
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3.2.2 Dairy cow slurry 
Tables 3.13 and 3.14 present, respectively, the manure composition and life cycle inventory data, 
for the reference dairy cow slurry (Estonia). 
 
Table 3.13. Reference manure composition for dairy cow slurry, Estonia 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal-1 y-1) 
22.900 24.898 27.388 Value ex-animal based on Kaasik (2013). A net water addition of 0.11 m3 per 
tonne manure is considered during outdoor storage. Value ex-housing and ex-
storage based on mass balance (considering DM loss from this Table). 
Total N 
(kg t-1) 
5.90 5.07 4.21 N ex-animal from Kaasik (2013). Losses considered (during housing and during 
storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.14.  
P  
(kg t-1) 
1.30 1.20 1.09 P ex-animal from Kaasik (2013). No losses considered during housing and 
storage.  
K  
(kg t-1) 
4.40 4.05 3.68 K ex-animal from Kaasik (2013). No losses considered during housing and 
storage.  
DM  
(kg t-1) 
114.9 114.82 103.49 DM ex-animal from Kaasik (2013). Losses during outdoor storage and housing: 
4.01 kg VS per kg CH4 loss (Appendix G), where VS are 82% of DM, see below.  
VS  
(kg t-1) 
92.6 94.3 84.9 VS ex-storage are assumed to constitute 82 % of the DM content, based on 
sampling data from 2 farmse. Losses considered during storage and housing 
(absolute values) are the same as for DM (i.e. it is assumed that all DM lost was 
VS).  
C  
(kg t-1) 
59.6 54.8 45.4 C ex-storage = 43.9 % of DM ex-storage for pigs, based on the ratio C: DM 
obtained by (Knudsen and Birkmose, 2005). Losses considered (during housing 
and during storage): CH4 and CO2. Details on C losses are in Table 3.12.  
Cu  
(g t-1) 
13.9 12.8 11.6 Cu ex-storage = 0.011 % of DM ex-storage, based on the ratio Cu: DM obtained 
by (Knudsen and Birkmose, 2005). No losses considered during housing and 
storage.  
Zn  
(g t-1) 
26.9 24.7 22.5 Zn ex-storage = 0.022 % of DM ex-storage, based on the ratio Zn: DM obtained by 
(Knudsen and Birkmose, 2005). No losses considered during housing and storage.  
NH4-N 
(kg t-1) 
3.54 3.04 1.73 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.60 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.60 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any 
distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is needed for the LCA purpose.
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Table 3.14. Life cycle inventory data for the reference management of dairy cow slurry, Estonia 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.36 0.42 0.68 7.5% of N from housing is lost 
as NH3 (Estonian regulation 48) 
10% of N from storage is 
lost as NH3 (Estonian 
regulation 48) 
16.1% of N applied (based on 
Hansen et al., 2008)  
NH3-N, at 
application, (kg) 
  0.01    0.5% of TANa applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.009 0.019 0.042 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.65×10-4 1.42×10-4 0.004 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 0.2154 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on model of 
Simmelsgaard and Djurhuus 
(1998) 
N2-N, (kg) 0.011 0.009  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.015 2.11 43.2 2.13 kg CO2 per kg CH4, see 
Appendix D. 
2.13 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.019 2.73 0 Based on Sommer et al. 
(2004) algorithm, for a 
storage duration of 1d, a BMP 
of 0.17 kg CH4/kg VS and a 
TBMP of 0.43 kg CH4/kg VS. 
Based on IPCC Tier 2 
algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 
10%. This gives the total 
emission for in-house and 
outdoor storage, from which 
the emission from in-house 
storage was deducted. 
Assumed negligible, based 
on (Hamelin et al., 2011) 
P leaching (kg) 0 0 0.0139 
   
 
Based on model of Ekholm et 
al. (2005) 
indirect N2O-N 
(volatilization) 
(kg) 
0.0036 0.0042 0.0068 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0016  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any 
distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is needed for the LCA purpose.   
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3.3 Finland 
3.3.1 Fattening pig slurry 
Tables 3.15 and 3.16 present, respectively, the manure composition and life cycle inventory data, 
for the fattening pig slurry in Finland. 
 
Table 3.15. Reference manure composition for fattening pig slurry, Finland 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal 
place-1 y-1) 
2.349 2.421 2.564 Value ex-animal based on Nousiainen (2013). A net water addition of 0.07 m3 per 
tonne manure is considered during outdoor storage. A water addition of 0.03 m3 
per tonne manure is considered during in-house storage. 
Total N 
(kg t-1) 
5.36 4.73 3.991 N ex-animal from Nousiainen (2013). Losses considered (during housing and 
during storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.16. The N 
from straw additiond in-house is estimated as 0.013 kg per tonne manure ex-
animal.  
P  
(kg t-1) 
1.28 1.24 1.17 P ex-animal from Nousiainen (2013). No losses considered during housing and 
storage. The P from straw additiond in-house is estimated as 0.002 kg per tonne 
manure ex-animal. 
K  
(kg t-1) 
2.14 2.11 1.996 K ex-animal from Nousiainen (2013). No losses considered during housing and 
storage. The K from straw additiond in-house is estimated as 0.038 kg per tonne 
manure ex-animal. 
DM  
(kg t-1) 
70 69.7 60.0 DM ex-animal from Nousiainen (2013). Losses during outdoor storage and 
housing: 4.01 kg VS per kg CH4 loss (Appendix G), where VS are 80% of DM, see 
below. 
VS  
(kg t-1) 
56.254 56.325 47.4 VS ex-storage are assumed to constitute 80 % of the DM content. Losses 
considered during storage and housing (absolute values) are the same as for DM 
(i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
33.31 33.0 28.7 C ex-storage = 47.9 % of DM ex-storage for pigs, based on the ratio C: DM 
obtained by (Knudsen and Birkmose, 2005). Losses considered (during housing 
and during storage): CH4 and CO2. Details on C losses are in Table 3.16. The C 
from straw additiond in-house is estimated as 1.16 kg per tonne manure ex-
animal. 
Cu  
(g t-1) 
   No data.  
Zn  
(g t-1) 
   No data.  
NH4-N 
(kg t-1) 
3.48 3.07 2.59 All values assuming 0.71 kg NH4-N per kg N in cprresponding manure, based on 
Finnish data (Viljavuuspalvelu, 2013) 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d The N, P and K addition from straw added in the stable 
considers a total of 0.0029 t straw per tonne manure ex-housing. The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn 
content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000) (Cu and Zn 
are however not compiled for the Finnish case). The C content is taken as 0.4563 kg C per kg DM, based on an average of 13 values from 
the Biolex database (FORCE Technology, 2013).  
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Table 3.16. Life cycle inventory data for the reference management of fattening pig slurry, Finland 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.48 0.48 0.64 9% of N ex-animal (Grönroos et 
al. 2009) 
10% of N ex-housing 
(Grönroos et al. 2009) 
16% of N ex-storage 
(Grönroos et al. 2009) 
NH3-N, at 
application, (kg) 
  0.013    0.5% of TANa applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.008 0.018 0.04 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.62×10-4 1.43×10-4 0.004 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 0.383  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical model of 
Simmelsgaard and Djurhuus 
(1998). 
N2-N, (kg) 0.010 0.009  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.295 1.030 27.3 1.83 kg CO2 per kg CH4, see 
Appendix D. 
1.83 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for fattening pig 
slurry, see Appendix D. 
CH4-C 0.177 1.55 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 10%. The overall emission 
calculated with this algorithm was distibuted as 10% due to 
in-house, and 90% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching 0 0 0.0176 
 
  
 
Modelled by use of an 
empirical model (relating P 
balance and P loading) 
(Ekholm et al., 2005) 
indirect N2O-N 
(volatilization) 
4.80×10-3 4.76×10-3 0.006 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) 
0 0 0.003  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any 
distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is needed for the LCA purpose.   
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3.3.2 Dairy cow slurry 
Tables 3.17 and 3.18 present, respectively, the manure composition and life cycle inventory data, 
for the reference dairy cow slurry of Finland. 
 
Table 3.17. Reference manure composition for dairy cow slurry, Finland 
Parameter Slurry ex-
animala 
Slurry ex-
housingb 
Slurry ex-
storagec 
Source and assumptions 
Mass  
(t animal 
place-1 y-1) 
21.22 23.67 25.36 Value ex-animal based on Nousiainen (2013). For water addition, see Tables 2.8 
and 2.3.  
Total N 
(kg t-1) 
6.25 5.16 4.4 N ex-animal from Nousiainen (2013). Losses considered (during housing and 
during storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.18. The N 
from straw additiond in-house is estimated as 0.020 kg per tonne manure ex-
animal.  
P  
(kg t-1) 
0.96 0.86 0.81 P ex-animal from Nousiainen (2013). No losses considered during housing and 
storage. The P from straw additiond in-house is estimated as 0.003 kg per tonne 
manure ex-animal. 
K  
(kg t-1) 
6.18 5.59 5.22 K ex-animal from Nousiainen (2013). No losses considered during housing and 
storage. The K from straw additiond in-house is estimated as 0.056 kg per tonne 
manure ex-animal. 
DM  
(kg t-1) 
104.4 96.4 81.0 DM ex-animal from Nousiainen (2013). Losses during outdoor storage and 
housing: 3.16 kg VS per kg CH4 loss (Appendix G), where VS are 80% of DM, see 
below. 
VS  
(kg t-1) 
85.0 79.0 64.8 VS ex-storage are assumed to constitute 80 % of the DM content. Losses 
considered during storage and housing (absolute values) are the same as for DM 
(i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
46.4 42.4 36.6 C ex-storage = 43.9 % of DM ex-storage for dairy cows, based on the ratio C: DM 
obtained by (Knudsen and Birkmose, 2005). Losses considered (during housing 
and during storage): CH4 and CO2. Details on C losses are in Table 3.18. The C 
from straw additiond in-house is estimated as 1.26 kg per tonne manure ex-
animal. 
Cu  
(g t-1) 
   No data.  
Zn  
(g t-1) 
   No data.  
NH4-N 
(kg t-1) 
4.05 2.92 2.52 Ex-housing and ex-storage values assuming 0.57 kg NH4-N per kg N in manure, 
based on Finnish data (Viljavuuspalvelu, 2013). Ex-animal values assuming 0.65 
kg NH4-N per kg N in manure, based on Viljavuuspalvelu (2013). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d The N, P and K addition from straw added in the stable 
considers a total of 0.00395 t straw per tonne manure ex-housing. The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and 
Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000) (Cu and Zn 
are however not compiled for the Finnish case). The C content is taken as 0.4563 kg C per kg DM, based on an average of 13 values from 
the Biolex database (FORCE Technology, 2013).  
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Table 3.18. Life cycle inventory data for the reference management of dairy slurry, Finland  
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.49 0.37 0.61 7% of N ex-animal (Grönroos et 
al. 2009) 
7% of N ex-housing 
(Grönroos et al. 2009) 
14% of N ex-storage 
(Grönroos et al. 2009) 
NH3-N, at 
application, (kg) 
  0.013    0.5% of TANa applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.009 0.020 0.044 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.70×10-4 1.27×10-4 0.0044 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 0.20 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical model of 
Simmelsgaard and Djurhuus 
(1998). 
N2-N, (kg) 0.012 0.009  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.67 1.89 33.8 2.13 kg CO2 per kg CH4, see 
Appendix D. 
2.13 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.14 2.44 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 10%. The overall emission 
calculated with this algorithm was distibuted as 5% due to in-
house, and 95% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.0193 
 
  
 
Modelled by use of an 
empirical model (relating P 
balance and P loading) 
(Ekholm et al., 2005) 
indirect N2O-N 
(volatilization) 
(kg) 
4.90×10-3 3.68×10-3 0.0062 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0026  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover, this 
being here the added straw floating layer) for the emission occuring at both in-house and outdoor storage stages (see box 3.1).  
This was distributed as 30% in-house; 70% outdoor storage, based on the fact that the emission factor suggested when the slurry is 
stored in-house for the whole period is 0.002 (0.002/0.005 + 0.002. It is acknowledged that this rationale is weak; yet, any 
distribution of the IPCC factor would likely be rather arbitrary anyway. However, such distribution is needed for the LCA purpose.   
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3.3.3 Broilers (peat) litter 
Tables 3.19 and 3.20 present, respectively, the manure composition and life cycle inventory data, 
for the broilers litter reference scenario, Finland. 
 
Table 3.19. Reference manure composition for broilers on peat litter, Finland 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex- 
storagec 
Source and assumptions 
Mass  
(t per animal 
per y) 
0.0154 0.0148 0.0139 Value ex-animal based on Hellstedt (2013). For water addition, see Tables 2.8 
and 2.3. 
Total N 
(kg t-1) 
20.3 16.4 12.0 N ex-animal from Nousiainen (2013) and Hellstedt (2013). Losses considered 
(during housing and during storage): NH3, N2O, N2, NO. Details on N losses are in 
Table 3.20. The N from peat additiond in-house is estimated as 0.752 kg per 
tonne manure ex-animal.  
P  
(kg t-1) 
5.950 6.24 6.62 P ex-animal from Nousiainen (2013) and Hellstedt (2013). No losses considered 
during housing and storage. The P from peat additiond in-house is estimated as 
0.034 kg per tonne manure ex-animal. 
K  
(kg t-1) 
10.860 11.33 12.03 K ex-animal from Nousiainen (2013) and Hellstedt (2013). No losses considered 
during housing and storage. The K from peat additiond in-house is estimated as 
0.011 kg per tonne manure ex-animal. 
DM  
(kg t-1) 
300.0 269.5 225.4 DM ex-animal from Nousiainen (2013) and Hellstedt (2013). Losses during 
housing are taken as the sum of C and N losses (see Table 3.20). For outdoor 
storage, it is assumed that there is 20% DM losses. This is based on the losses 
from Poulsen (2008) for broilers on straw litter, as no data are available for peat. 
VS  
(kg t-1) 
249.1 216.4 169.0 VS ex-storage are assumed to constitute 75 % of the DM content. Losses 
considered during storage and housing (absolute values) are the same as for DM 
(i.e. it is assumed that all DM lost was VS).  
C  
(kg t-1) 
168.9 97.6 19.8 C ex-housing taken as 36.2% of DM (ex-housing), based on Quiroga et al. (2010). 
Values ex-animal and ex-storage are based on mass balances. Losses considered: 
CH4 and CO2. Details on C losses are in Table 3.20. The C from peat addition
d in-
house is estimated as 1.084 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
   No data.  
Zn  
(g t-1) 
   No data.  
NH4-N 
(kg t-1) 
6.31 5.10 3.73 All values estimated assuming 0.31 kg NH4-N per kg N in manure, based on 
Finnish data (Viljavuuspalvelu, 2013).  
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d The N, P and K addition from peat added in the stable 
considers, based on Hellstedt (2013), an addition of 44 kg of peat per tonne ex-animal. The peat DM content is 90 % (Phyllis database, 
Finnish peat, ID-1397). The N, P, and K content of peat per kg of DM is 0.02 kg, 0.0009 kg, and 0.0003 kg, respectively (Phyllis database, 
Finnish peat, ID-1397). The C content is taken as 0.535 kg C per kg DM, also based on the Phyllis database. 
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Table 3.20. Life cycle inventory data for the reference management of broilers litter (on peat), 
Finland 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 3.38 3.54 0.775 Finnish data Finnish data Finnish data 
NH3-N, at 
application, (kg) 
  0.037    1% of TANa applied, factor 
for widespreading (Hansen 
et al., 2008). 
N2O-N, (kg) 0.010 0.011 0.120 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 50% to in-housing and 50% to outdoor storage. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
2.94×10-2 2.38×10-2 0.012 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 1.92 No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Based on empirical model of 
Simmelsgaard and Djurhuus 
(1998). 
N2-N, (kg) 1.89 1.53  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 74.7 78.3 14.9 66.7 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
66.7 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 0.616 0.642 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 1.50%. The overall emission 
calculated with this algorithm was distibuted as 50% due to 
in-house, and 50% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.099 
   
 
Estimated as 1.5% of P 
applied. 
indirect N2O-N 
(volatilization) 
(kg) 
3.41×10-2 3.57×10-2 0.0079 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0144  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
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3.4 Poland 
3.4.1 Solid fattening pig manure 
Tables 3.21 and 3.22 present, respectively, the manure composition and life cycle inventory data, 
for the reference solid pig manure, Poland. 
 
Table 3.21. Reference manure composition for fattening pig solid manure, Poland 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex- 
storagec 
Source and assumptions 
Total N 
(kg t-1) 
5.97 4.30 2.20 N ex-storage from Polish data (range 2 - 5.4 kg/t)e. Losses considered (during 
housing and during storage): NH3, N2O, N2, NO. Details on N losses are in Table 
3.22. The N from straw additiond is estimated as 2.508 kg per tonne manure ex-
animal (in-house) and as 0.952 kg per t manure ex-animal (outdoor storage). 
P  
(kg t-1) 
1.55 1.15 1.14 P ex-animal taken as 2.1% of the DM (an average of results for other countries, 
for fattening pig manure ex-animal). No losses considered during housing and 
storage. The P from straw additiond is estimated as 0.35 kg per tonne manure ex-
animal (in-house) and as 0.13 kg per t manure ex-animal (outdoor storage). 
K  
(kg t-1) 
2.67 6.15 7.42 K ex-animal taken as 3.7% of the DM (an average of results for other countries, 
for fattening pig manure ex-animal). No losses considered during housing and 
storage. The K from straw additiond is estimated as 7.52 kg per tonne manure ex-
animal (in-house) and as 2.86 kg per t manure ex-animal (outdoor storage). 
DM  
(kg t-1) 
71.8 333.9 285 Based on Heidmann et al. (2001), the DM ex-storage for solid pig manure can be 
expected to be between 230 and 330 kg DM t-1. The value of 285 was selected in 
order to get an ex-animal value in the other of magnitude as the other countries, 
after establishing the mass balances. Losses during in-house storage: 28 % of the 
ex-animal value; losses during outdoor storage: 45 % of the ex-housing value, 
based on Poulsen (2008).  
VS  
(kg t-1) 
57.5 307.7 260.8 VS ex-storage are estimated as 91 % of the DM content, based on (Triolo et al., 
2011). Losses considered during storage (absolute values) are the same as for 
DM (i.e. it is assumed that all DM lost was VS). VS ex-animal taken as 80% of the 
DM, based on Sommer et al. (2004).  
C  
(kg t-1) 
33.1 142.8 148.9 C ex-animal taken as 46.0% of the DM (an average of results for other countries, 
for fattening pig manure ex-animal). Values ex-housing and ex-storage are based 
on mass balances. Losses considered (during housing and during outdoor 
storage): CH4 and CO2. Details on C losses are in Table 3.22. The C from straw 
additiond in-house is estimated as 229 kg per tonne manure ex-animal, the C 
from straw addition during outdoor storage is estimated as 93.8 kg per tonne 
manure ex-animal. 
Cu  
(g t-1) 
21.9 14.1 13.4 Cu ex-animal taken as 0.0305% of the DM (an average of results for other 
countries, for fattening pig manure ex-animal). No losses considered during 
housing and storage. The Cu from straw additiond in-house is estimated as 1.5 g 
per tonne manure ex-animal. For outdoor storage, straw contributes to 0.62 g Cu 
per t manure ex-animal. 
Zn  
(g t-1) 
71.3 57.0 58.0 Zn ex-animal taken as 0.0993% of the DM (an average of results for other 
countries, for fattening pig manure ex-animal). No losses considered during 
housing and storage. The Zn from straw additiond in-house is estimated as 23 g 
per tonne manure ex-animal. For outdoor storage, straw contributes to 9.5 g Zn 
per t manure ex-animal. 
NH4-N 
(kg t-1) 
5.17 1.45 2.01 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.25 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.70 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-housing. c All 
values of this column are expressed per tonne manure ex-storage. d The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn 
content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is 
taken as 0.4563 kg C per kg DM, based on an average of 13 values from the Biolex database (FORCE Technology, 2013).e From the range, the value 
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was selected in order to get, after the mass valances, a value ex-animal in the same magnitude as the one obtained for the other BSR countries for 
fattening pigs. 
 
Table 3.22. Life cycle inventory data for the reference management of solid fattening pig manure, 
Poland 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.90 2.13 0.36 NH3-N taken as 15% N from 
manure ex-animal, based on 
Jadczyszyn et al. (2000). 
Based on Krawczyk and 
Walczak (2010;Table 5). 
0.16 kg NH3 per kg tot N 
(Leip et al. 2009, p. 95) 
NH3-N, at 
application, (kg) 
  0.010    1% of TANa applied, factor 
for widespreading (Hansen 
et al., 2008). 
N2O-N, (kg) 0.0003 0.03 0.03 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 1% to in-housing and 99% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
1.95×10-2 5.02×10-3 0.002 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0.065 0.572  No leaching from housing, 
based on (Hamelin et al., 
2011). 
Based on Krawczyk and 
Walczak (2010; Table 3). 
26% of N applied leached as 
NO3-N, based on 
Marcinkowski (2002). 
N2-N, (kg) 1.25 0.32  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 25.3 38.4 111.7 85.4 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
54.4 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 0.003 0.155 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 2% (solid storage). The overall 
emission calculated with this algorithm was distibuted as 1% 
due to in-house, and 99% to outdoor storageb. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0.14 0.13 Assumed to be negligible Based on Krawczyk and 
Walczak (2010; Table 3). 
Based on Krawczyk and 
Walczak (2010; Table 3). 
indirect N2O-N 
(volatilization) 
(kg) 
9.16×10-3 2.14×10-2 0.0036 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0.0005 0.0043  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 Based on a in-house storage duration of ca. 3 days out of ca. 10 months storage: 3/305 = 1%; the rest being allocated to outdoor 
storage. It is acknowledged that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather arbitrary 
anyway. However, such distribution is needed for the LCA purpose.   
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3.4.2 Solid dairy cow manure 
Tables 3.23 and 3.24 present, respectively, the manure composition and life cycle inventory data, 
for the reference solid dairy cow manure, Poland. 
 
Table 3.23. Reference manure composition for dairy cow solid manure, Poland 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex- 
storagec 
Source and assumptions 
Total N 
(kg t-1) 
8.94 5.99 5.50 N ex-storage from Heidmann et al. (2001), for solid manure. Value ex-housing 
and ex-animal based on mass balance.Losses considered (during housing and 
during storage): NH3, N2O, N2, NO. Details on N losses are in Table 3.24. The N 
from straw additiond is estimated as 2.064 kg per tonne manure ex-animal 
(outdoor storage) and as 1.252 kg per t manure ex-animal (outdoor storage). 
P  
(kg t-1) 
0.92 0.84 0.93 P ex-animal taken as 0.8% of the DM (an average of results for other countries, 
for dairy cow manure ex-animal). No losses considered during housing and 
storage. The P from straw additiond is estimated as 0.35 kg per tonne manure ex-
animal (in-house) and as 0.21 kg per t manure ex-animal (outdoor storage). 
K  
(kg t-1) 
4.92 7.10 9.07 K ex-animal is based on Polish data. No losses considered during housing and 
storage. The K from straw additiond is estimated as 5.87 kg per tonne manure ex-
animal (in-house) and as 3.56 kg per t manure ex-animal (outdoor storage). 
DM  
(kg t-1) 
113.5 311.4 230 Based on Heidmann et al. (2001), the DM ex-storage for solid dairy cow manure 
can be expected to be between 200 and 300 kg DM t-1. The value of 230 was 
selected in order to get an ex-animal value in the other of magnitude as the 
other countries, after establishing the mass balances. Losses during in-house 
storage: 28 % of the ex-animal value (based on Poulsen, 2008); losses during 
outdoor storage: 45 % of the ex-housing valuee. 
VS  
(kg t-1) 
90.8 290.8 210.5 VS ex-storage are estimated as 91 % of the DM content, based on (Triolo et al., 
2011). Losses considered during storage (absolute values) are the same as for 
DM (i.e. it is assumed that all DM lost was VS). VS ex-animal taken as 80% of the 
DM, based on Sommer et al. (2004).  
C  
(kg t-1) 
51.7 126.2 182.3 C ex-animal taken as 45.6% of the DM (an average of results for other countries, 
for dairy cow manure ex-animal). Values ex-housing and ex-storage are based on 
mass balances. Losses considered (during housing and during outdoor storage): 
CH4 and CO2. Details on C losses are in Table 3.24. The C from straw addition
d in-
house is estimated as 210 kg per tonne manure ex-animal, the C from straw 
addition during outdoor storage is estimated as 84 kg per tonne manure ex-
animal. 
Cu  
(g t-1) 
8.45 6.34 6.47 Cu ex-animal taken as 0.007% of the DM (an average of results for other 
countries, for dairy cow manure ex-animal). No losses considered during housing 
and storage. The Cu from straw additiond in-house is estimated as 1.17 g per 
tonne manure ex-animal. For outdoor storage, straw contributes to 0.75 g Cu per 
t manure ex-animal. 
Zn  
(g t-1) 
25.2 28.4 34.1 Zn ex-animal taken as 0.022% of the DM (an average of results for other 
countries, for fattening pig manure ex-animal). No losses considered during 
housing and storage. The Zn from straw additiond in-house is estimated as 18 g 
per tonne manure ex-animal. For outdoor storage, straw contributes to 12 g Zn 
per t manure ex-animal. 
NH4-N 
(kg t-1) 
5.36 1.20 1.10 Value ex-storage based on (Poulsen, 2011). Value ex-housing assuming 0.20 kg 
NH4-N per kg N in manure ex-housing (Poulsen, 2008), and value ex-animal 
assuming 0.60 kg NH4-N per kg N in manure ex-animal (EMEP/EEA, 2010). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-housing. c All 
values of this column are expressed per tonne manure ex-storage. d The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn 
content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is 
taken as 0.4563 kg C per kg DM, based on an average of 13 values from the Biolex database (FORCE Technology, 2013). e This may be overestimated. 
Poulsen (2008), for example, suggests a value of 45% for solid manure. However, this factor was selected in order to balance the DM ex-animal to 
reasonable values. 
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Table 3.24. Life cycle inventory data for the reference management of solid dairy cow manure, 
Poland 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 1.34 0.39 0.72 NH3-N taken as 15% N from 
manure ex-animal, based on 
Jadczyszyn et al. (2000). 
Based on Krawczyk and 
Walczak (2010;Table 5). 
0.16 kg NH3 per kg tot N 
(Leip et al. 2009, p. 95) 
NH3-N, at 
application, (kg) 
  0.011    1% of TANa applied, factor 
for widespreading (Hansen 
et al., 2008). 
N2O-N, (kg) 0.0004 0.044 0.055 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 1% to in-housing and 99% to outdoor storageb. 
1% of N applied, (IPCC, 
2006b). 
NO-N 
(representing 
NOx), (kg) 
8.48×10-3 5.59×10-3 0.0055 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0.285 1.43  No leaching from housing, 
based on (Hamelin et al., 
2011). 
Based on Krawczyk and 
Walczak (2010; Table 3). 
26% of N applied leached as 
NO3-N, based on 
Marcinkowski (2002). 
N2-N, (kg) 1.61 0.36  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 38.5 9.0 136.7 86.8 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
69.3 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 0.0022 0.143 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 2% (solid storage). The overall 
emission calculated with this algorithm was distibuted as 1% 
due to in-house, and 99% to outdoor storageb. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 1.58 1.50 Assumed to be negligible Based on Krawczyk and 
Walczak (2010; Table 3). 
Based on Krawczyk and 
Walczak (2010; Table 3). 
indirect N2O-N 
(volatilization) 
(kg) 
1.35×10-2 3.97×10-3 0.0036 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0.0021 0.0107  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 Based on a in-house storage duration of ca. 3 days out of ca. 10 months storage: 3/305 = 1%; the rest being allocated to outdoor 
storage. It is acknowledged that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather arbitrary 
anyway. However, such distribution is needed for the LCA purpose. 
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3.5 Sweden 
3.5.1 Fattening pig slurry 
Tables 3.25 and 3.26 present, respectively, the manure composition and life cycle inventory data, 
for fattening pig slurry, in Sweden. 
 
Table 3.25. Reference manure composition for fattening pig slurry, Sweden 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex-
(long) indoor 
storagec 
Source and assumptions 
Mass  
(t per animal 
per y) 
522 735d 734 Data needed to ensure correspondence between each manure stage. Values 
provided by JTI – Swedish Institute of Agricultural and Environmental 
Engineering. 
Total N 
(kg t-1) 
6.96 4.27 4.08 N ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses considered (during housing and during storage): NH3, N2O, 
N2, NO. Details on N losses are in Table 3.26. The N from straw addition
e in-house 
is estimated as 0.054 kg per tonne manure ex-animal.  
P  
(kg t-1) 
2.48 1.76 1.77 P ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The P from straw 
additione in-house is estimated as 0.008 kg per tonne manure ex-animal. 
K  
(kg t-1) 
2.74 2.06 2.06 K ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The K from straw 
additione in-house is estimated as 0.16 kg per tonne manure ex-animal. 
DM  
(kg t-1) 
95.7 75.1 73.2 DM ex-storage from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses during in-house storage: 0.66% of the ex-animal value, based 
on (Poulsen, 2008)f. Losses during outdoor storage are from JTI (ca. 2.8% of DM 
ex-housing). 
VS  
(kg t-1) 
75.8 60.6 58.6 VS ex-housing are taken as 80.7% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are obtained by mass balances, considering that losses during storage and 
housing (absolute values) are the same as for DM (i.e. it is assumed that all DM 
lost was VS)g.  
C  
(kg t-1) 
39.4 31.4 28.3 C ex-housing taken as 41.8% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are based on mass balances. Losses considered (during housing and during long 
indoor storage): CH4 and CO2. Details on C losses are in Table 3.26. The C from 
straw additione in-house is estimated as 4.93 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
19.0 13.5 13.5 Cu ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Cu from straw additione in-
house is estimated as 0.032 g per tonne manure ex-animal.  
Zn  
(g t-1) 
67.7 48.4 48.5 Zn ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Zn from straw additione in-
house is estimated as 0.497 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
4.37 3.20 2.57 Value ex-storage based on JTI - Swedish Institute of Agricultural and 
Environmental Engineering (NH4-N = 63.0% of N ex-storage). Value ex-housing 
assuming 0.75 kg NH4-N per kg N in manure ex-housing (Poulsen, 2008), and 
value ex-animal assuming 0.627 kg NH4-N per kg N in manure ex-animal (data 
from JTI). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Considers a net water input as described in Tables 2.5 and 
2.10. e The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 
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0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based on an 
average of 13 values from the Biolex database (FORCE Technology, 2013). f Poulsen (2008) indicates 10% losses, for Danish conditions (ca. 
15 d storage, see Table 2.1). On this basis, and given the 1d storage period in Sweden (Table 2.5), a linear approximation was made and DM 
losses were estimated as 0.66% of the DM content in manure ex-animal. g Straw VS deducted, and taken as 95% of DM, based on  Triolo et 
al. (2011). 
 
Table 3.26. Life cycle inventory data for the reference management of fattening pig slurry, Sweden 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.97 0.17 0.71 14% of total N, based on SEPA 
(2011). 
4% of total N, based on 
Karlsson & Rodhe (2002; 
factor for floating crust) 
27.67% of TANa, (average 
factor based on Karlsson & 
Rodhe, 2002) 
NH3-N, at 
application, (kg) 
  0.013    0.5% of TAN applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.0104 0.0173 0.1020 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
2.5% of N applied, (SEPA, 
2011). 
NO-N 
(representing 
NOx), (kg) 
2.04×10-4 1.49×10-4 0.0102 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 1.50  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Considers an average of 18.7 
kg N leach/ha (Blombäck et 
al., 2011), and an application 
of 12.4 t manure/ha. 
N2-N, (kg) 0.013 0.010  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 2.18 2.18 26.9 2.18 kg CO2 per kg CH4, see 
Appendix D. 
2.18 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.061 1.77 0 Based on Sommer et al. 
(2004) algorithm, for a 
storage duration of 1d, a BMP 
of 0.29 kg CH4/kg VS and a 
TBMP of 0.45 kg CH4/kg VS. 
Based on IPCC Tier 2 
algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 
10%. This gives the total 
emission for in-house and 
outdoor storage, from which 
the emission from in-house 
storage was deducted. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.044 
 
  
 
Considers an average of 0.53 
kg P leach/ha (Blombäck et 
al., 2011), and an application 
of 12 t manure/ha. 
indirect N2O-N 
(volatilization) 
(kg) 
9.75×10-3 1.71×10-3 0.007 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0113  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover) for the 
emission occuring at both in-house and outdoor storage stages (see box 3.1).  This was distributed as 30% in-house; 70% outdoor 
storage, based on the fact that the emission factor suggested when the slurry is stored in-house for the whole period is 0.002 
(0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather 
arbitrary anyway. However, such distribution is needed for the LCA purpose.  
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3.5.2 Dairy cow slurry 
Tables 3.27 and 3.28 present, respectively, the manure composition and life cycle inventory data, 
for dairy cow slurry, in Sweden. 
 
Table 3.27. Reference manure composition for dairy cow slurry, Sweden 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex-
(long) indoor 
storagec 
Source and assumptions 
Mass  
(t per animal 
per y) 
11133 14922d 20553 Data needed to ensure correspondence between each manure stage. Values 
provided by JTI – Swedish Institute of Agricultural and Environmental 
Engineering. 
Total N 
(kg t-1) 
7.11 5.20 3.64 N ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses considered (during housing and during storage): NH3, N2O, 
N2, NO. Details on N losses are in Table 3.28. The N from straw addition
e in-house 
is estimated as 0.162 kg per tonne manure ex-animal.  
P  
(kg t-1) 
0.91 0.70 0.51 P ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The P from straw 
additione in-house is estimated as 0.028 kg per tonne manure ex-animal. 
K  
(kg t-1) 
5.45 4.41 3.20 K ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The K from straw 
additione in-house is estimated as 0.46 kg per tonne manure ex-animal. 
DM  
(kg t-1) 
121.3 113.09 78.0 DM ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses during storage: 5 % of the ex-housing values; losses during 
housing: 0.33 % of the ex-animal value, based on (Poulsen, 2008)f. 
VS  
(kg t-1) 
99.1 95.3 65.1 VS ex-housing are taken as 84.3% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are obtained by mass balances, considering that losses during storage and 
housing (absolute values) are the same as for DM (i.e. it is assumed that all DM 
lost was VS)g.  
C  
(kg t-1) 
53.9 50.6 35.1 C ex-housing taken as 44.75% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are based on mass balances. Losses considered (during housing and during long 
indoor storage): CH4 and CO2. Details on C losses are in Table 3.28. The C from 
straw additione in-house is estimated as 4.68 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
4.3 3.2 2.4 Cu ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Cu from straw additione in-
house is estimated as 0.092 g per tonne manure ex-animal.  
Zn  
(g t-1) 
26.3 20.7 15.0 Zn ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Zn from straw additione in-
house is estimated as 1.41 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
4.28 3.12 2.09 Value ex-storage based on JTI - Swedish Institute of Agricultural and 
Environmental Engineering (NH4-N = 60.2% of N ex-storage). Value ex-housing 
assuming 0.60 kg NH4-N per kg N in manure ex-housing (Poulsen, 2008), and 
value ex-animal assuming 0.574 kg NH4-N per kg N in manure ex-animal (data 
from JTI). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Considers a net water input as described in Tables 2.5 and 
2.10. e The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 0.0009 kg, 
0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based on an 
average of 13 values from the Biolex database (FORCE Technology, 2013). f Poulsen (2008) indicates 10% losses, for Danish conditions (ca. 
30 d storage, see Table 2.1). On this basis, and given the 1d storage period in Sweden (Table 2.5), a linear approximation was made and DM 
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losses were estimated as 0.33% of the DM content in manure ex-animal. g Straw VS deducted, and taken as 95% of DM, based on  Triolo et 
al. (2011). 
 
Table 3.28. Life cycle inventory data for the reference management of dairy cow slurry, Sweden 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.28 0.16 0.74 4% of total N, based on SEPA 
(2011). 
3% of total N, based on 
Karlsson & Rodhe (2002; 
factor for floating crust) 
35.64% of TANa, (average 
factor based on Karlsson & 
Rodhe, 2002) 
NH3-N, at 
application, (kg) 
  0.010    0.5% of TAN applied, for 
application by trail hoses, 
(Hansen et al., 2008). 
N2O-N, (kg) 0.0107 0.0186 0.09 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 30% to in-housing and 70% to outdoor storageb. 
2.5% of N applied, (SEPA, 
2011). 
NO-N 
(representing 
NOx), (kg) 
2.00×10-4 1.45×10-4 0.0091 0.0001 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.0001 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 0.43  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Considers an average of 18.7 
kg N leach/ha (Blombäck et 
al., 2011), and an application 
of 43.164 t manure/ha. 
N2-N, (kg) 0.013 0.009  0.003 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.003 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 0.031 0.920 33.4 2.18 kg CO2 per kg CH4, see 
Appendix D. 
2.18 kg CO2 per kg CH4, see 
Appendix D. 
95% of the C applied ends up 
as CO2-C for slurry, see 
Appendix D. 
CH4-C (kg) 0.044 1.298 0 Based on Sommer et al. 
(2004) algorithm, for a 
storage duration of 1d, a BMP 
of 0.18 kg CH4/kg VS and a 
TBMP of 0.24 kg CH4/kg VS. 
Based on IPCC Tier 2 
algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 
10%. This gives the total 
emission for in-house and 
outdoor storage, from which 
the emission from in-house 
storage was deducted. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.016 
 
  
 
Considers an average of 0.53 
kg P leach/ha (Blombäck et 
al., 2011), and an application 
of 34 t manure/ha. 
indirect N2O-N 
(volatilization) 
(kg) 
2.85×10-3 1.56×10-3 0.0075 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0032  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
b
 In IPCC (2006a), an emission factor of 0.005 kg N2O-N per kg N excreted is suggested (liquid slurry with natural crust cover) for the 
emission occuring at both in-house and outdoor storage stages (see box 3.1).  This was distributed as 30% in-house; 70% outdoor 
storage, based on the fact that the emission factor suggested when the slurry is stored in-house for the whole period is 0.002 
(0.002/0.005 + 0.002). It is acknowledged that this rationale is weak; yet, any distribution of the IPCC factor would likely be rather 
arbitrary anyway. However, such distribution is needed for the LCA purpose. 
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3.5.3 Broilers litter 
Tables 3.29 and 3.30 present, respectively, the manure composition and life cycle inventory data, 
for broilers litter (on straw), in Sweden. 
 
Table 3.29. Reference manure composition for broilers litter (on straw), Sweden 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex-
(long) indoor 
storagec 
Source and assumptions 
Total N 
(kg t-1) 
40.6 34.5 33.2 N ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses considered (during housing and during storage): NH3, N2O, 
N2, NO. Details on N losses are in Table 3.30. The N from straw addition
e in-house 
is estimated as 0.170 kg per tonne manure ex-animal.  
P  
(kg t-1) 
8.13 8.74 10.67 P ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The P from straw 
additione in-house is estimated as 0.024 kg per tonne manure ex-animal. 
K  
(kg t-1) 
15.37 17.02 20.8 K ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The K from straw 
additione in-house is estimated as 0.51 kg per tonne manure ex-animal. 
DM  
(kg t-1) 
700 680 660 DM ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses during storage: 20.5 % of the ex-housing values; losses 
during housing: sum of C and N losses (see Table 3.30) 
VS  
(kg t-1) 
589 559 513 VS ex-housing are taken as 82.3% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are obtained by mass balances, considering that losses during storage and 
housing (absolute values) are the same as for DM (i.e. it is assumed that all DM 
lost was VS)d.  
C  
(kg t-1) 
311 252 195 C ex-housing taken as 37.1% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are based on mass balances. Losses considered (during housing and during long 
indoor storage): CH4 and CO2. Details on C losses are in Table 3.30. The C from 
straw additione in-house is estimated as 3.26 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
67 71 87 Cu ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Cu from straw additione in-
house is estimated as 1.02 g per tonne manure ex-animal.  
Zn  
(g t-1) 
226 244 298 Zn ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Zn from straw additione in-
house is estimated as 15.64 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
14.9 10.3 6.64 Value ex-storage based on JTI - Swedish Institute of Agricultural and 
Environmental Engineering (NH4-N = 20% of N ex-storage). Value ex-housing 
assuming 0.30 kg NH4-N per kg N in manure ex-housing (Poulsen, 2008), and 
value ex-animal assuming 0.366 kg NH4-N per kg N in manure ex-animal (data 
from JTI). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Straw VS deducted, and taken as 95% of DM, based on  
Triolo et al. (2011). e The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 
0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based 
on an average of 13 values from the Biolex database (FORCE Technology, 2013).  
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Table 3.30. Life cycle inventory data for the reference management of broilers litter (on straw), 
Sweden 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 4.06 4.13 6.64 10% of total N, based on SEPA 
(2011). 
12% of total N, based on 
Karlsson & Rodhe (2002; 
factor for floating crust) 
100% of TANa, (based on 
Karlsson & Rodhe, 2002) 
NH3-N, at 
application, (kg) 
  0.07    1% of TANa applied, factor 
for widespreading (Hansen 
et al., 2008). 
N2O-N, (kg) 0.0203 0.0218 0.83 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 50% to in-housing and 50% to outdoor storage. 
2.5% of N applied, (SEPA, 
2011). 
NO-N 
(representing 
NOx), (kg) 
6.94×10-2 4.82×10-2 0.0829 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 7.19  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Considers an average of 18.7 
kg N leach/ha (Blombäck et 
al., 2011), and an application 
of 2.6 t manure/ha. 
N2-N, (kg) 4.46 3.10  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 89.7 91.3 146.2 66.7 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
66.7 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 1.194 1.279 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 1.50%. The overall emission 
calculated with this algorithm was distibuted as 50% due to 
in-house, and 50% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.204 
 
  
 
Considers an average of 0.53 
kg P leach/ha (Blombäck et 
al., 2011), and an application 
of 2.6 t manure/ha. 
indirect N2O-N 
(volatilization) 
(kg) 
4.13×10-3 4.18×10-3 0.067 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0539  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
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3.5.4 Horse manure 
Tables 3.31 and 3.32 present, respectively, the manure composition and life cycle inventory data, 
for horse manure (recreational), in Sweden. 
 
Table 3.31. Reference manure composition for horse manure (recreational), Sweden 
Parameter Manure 
ex-animala 
Manure ex-
housingb 
Manure ex-
(long) indoor 
storagec 
Source and assumptions 
Total N 
(kg t-1) 
5.84 4.90 3.72 N ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses considered (during housing and during storage): NH3, N2O, 
N2, NO. Details on N losses are in Table 3.32. The N from straw addition
e in-house 
is estimated as 1.32 kg per tonne manure ex-animal.  
P  
(kg t-1) 
1.08 1.00 1.14 P ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The P from straw 
additione in-house is estimated as 0.185 kg per tonne manure ex-animal. 
K  
(kg t-1) 
6.83 8.53 9.69 K ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. No losses considered during housing and storage. The K from straw 
additione in-house is estimated as 3.97 kg per tonne manure ex-animal. 
DM  
(kg t-1) 
232.5 346.4 237.4 DM ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering. Losses during storage: 45 % of the ex-housing values; losses during 
housing: 20 % of the ex-animal value, based on (Poulsen, 2008). 
VS  
(kg t-1) 
175.6 291.0 174.4 VS ex-housing are taken as 84% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are obtained by mass balances, considering that losses during storage and 
housing (absolute values) are the same as for DM (i.e. it is assumed that all DM 
lost was VS)d.  
C  
(kg t-1) 
57.1 135.1 115.5 C ex-housing taken as 39% of DM (data from JTI - Swedish Institute of 
Agricultural and Environmental Engineering). Values ex-animal and ex-storage 
are based on mass balances. Losses considered (during housing and during long 
indoor storage): CH4 and CO2. Details on C losses are in Table 3.30. The C from 
straw additione in-house is estimated as 4.42 kg per tonne manure ex-animal. 
Cu  
(g t-1) 
1.64 1.93 2.19 Cu ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Cu from straw additione in-
house is estimated as 0.79 g per tonne manure ex-animal.  
Zn  
(g t-1) 
5.72 14.1 16.0 Zn ex-animal from JTI - Swedish Institute of Agricultural and Environmental 
Engineering; values ex-housing and ex-storage are based on mass balances. No 
losses considered during housing and storage. The Zn from straw additione in-
house is estimated as 12.2 g per tonne manure ex-animal.  
NH4-N 
(kg t-1) 
2.32 1.23 0.37 Value ex-storage based on JTI - Swedish Institute of Agricultural and 
Environmental Engineering (NH4-N = 9.9% of N ex-storage). Value ex-housing 
assuming 0.25 kg NH4-N per kg N in manure ex-housing (Poulsen, 2008), and 
value ex-animal assuming 0.396 kg NH4-N per kg N in manure ex-animal (data 
from JTI). 
a All values of this column are expressed per tonne manure ex-animal. b All values of this column are expressed per tonne manure ex-
housing. c All values of this column are expressed per tonne manure ex-storage. d Straw VS deducted, and taken as 95% of DM, based on  
Triolo et al. (2011). e The straw DM content is 85 % (Møller et al., 2000). The N, P, K, Cu and Zn content of straw per kg of DM is 0.00528 kg, 
0.0009 kg, 0.015 kg, 3 mg and 46 mg, respectively, based on (Møller et al., 2000). The C content is taken as 0.4563 kg C per kg DM, based 
on an average of 13 values from the Biolex database (FORCE Technology, 2013).  
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Table 3.32. Life cycle inventory data for the reference management of horse manure (recreational), 
Sweden 
  
 Substances 
Life cycle stage Comments 
in-house outdoor 
storage 
field 
in-house outdoor storage field 
  
per 
tonne ex-
animal 
manure 
per 
tonne 
ex-
housing 
manure 
per 
tonne 
ex-
storage 
manure       
NH3-N (kg) 0.23 1.23 0.37 4% of total N, based on SEPA 
(2011). 
25% of total N, based on 
Karlsson & Rodhe (2002; 
factor for floating crust) 
100% of TANa, (based on 
Karlsson & Rodhe, 2002) 
NH3-N, at 
application, (kg) 
  0.004    1% of TANa applied, factor 
for widespreading (Hansen 
et al., 2008). 
N2O-N, (kg) 0.0292 0.0231 0.0931 0.005 kg N2O-N per kg N ex-animal (IPCC, 2006a), distributed 
as 50% to in-housing and 50% to outdoor storage. 
2.5% of N applied, (SEPA, 
2011). 
NO-N 
(representing 
NOx), (kg) 
1.08×10-2 5.72×10-3 0.0093 0.01 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.01 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
0.1 × N2O-N, based on 
(Nemecek and Kägi, 2007). 
NO3-N, (kg) 0 0 0.71  No leaching from housing, 
based on (Hamelin et al., 
2011). 
No leaching from outdoor 
storage, based on (Hamelin 
et al., 2011). 
Considers an average of 18.7 
kg N leach/ha (Blombäck et 
al., 2011), and an application 
of 26.5 t manure/ha. 
N2-N, (kg) 0.695 0.368  0.3 kg NO per kg TAN ex-
animal (EMEP/EEA, 2010). 
0.3 kg NO per kg TAN ex-
housing (EMEP/EEA, 2010). 
  
CO2-C, (kg) 6.28 32.9 86.6 81.16 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
81.16 kg CO2 per kg NH3, see 
Appendix D (aerobic 
conditions). 
75% of the C applied ends up 
as CO2-C for solid manure, 
see Appendix D. 
CH4-C (kg) 0.593 0.469 0 Adaptation of the IPCC Tier 2 algorithm  (IPCC, 2006a) (see 
Appendix B), with a MCF of 3%. The overall emission 
calculated with this algorithm was distibuted as 50% due to 
in-house, and 50% to outdoor storage. 
Assumed negligible, based 
on (Hamelin et al., 2011). 
P leaching (kg) 0 0 0.023 
 
  
 
Considers an average of 0.53 
kg P leach/ha (Blombäck et 
al., 2011), and an application 
of 23 t manure/ha. 
indirect N2O-N 
(volatilization) 
(kg) 
2.45×10-3 1.23×10-2 0.0038 1% of N loss as NH3 and as NOx, 
(ex-animal) (IPCC, 2006b). 
1% of N loss as NH3 and as 
NOx, (ex-housing) (IPCC, 
2006b). 
1% of N loss as NH3 and as 
NOx, (ex-storage) (IPCC, 
2006b). 
indirect N2O-N 
(leaching) (kg) 
0 0 0.0053  0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
 0.75% of N lost through 
leaching (ex-animal) (IPCC, 
2006b). 
a
 Ammonium-N (NH4
+
-N) and compounds readily broken down to NH4
+
-N are referred to as total ammoniacal N (TAN). 
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4 Life cycle assessment of reference manure management systems in the BSR 
As earlier described, the reference manure management consist to use manure as a fertilizer for 
crop production, without any prior treatment. This is illustrated in Figure 4.1. The nutrients thus 
applied via manure (here mostly N, P and K) do not need to be supplied by mineral fertilizers. This 
means that the production and application of a certain amount of mineral fertilizers is avoided 
(illustrated by the red dotted lines in Figure 4.1). 
 
As thourougly detailed in Hamelin (2013), the marginal mineral fertilizers were identified, for the 
European context, as calcium ammonium nitrate (for N), diammonium phosphate (for P) and 
potassium chloride. The life cycle inventory data used for the production of these fertilizers are 
those of the Ecoinvent database (Ecoinvent Centre, 2013)1. 
 
Not necessarily all the amount of N, P or K applied via manure corresponds to mineral fertilizer 
avoided. This depends, among others, upon the applying fertilization legislation. It can well be that 
one element ends up to be applied in excess, when using manure. In this case, this amount in 
excess does not correspond to avoided mineral fertilizers. An example on this specific case is 
presented in Hamelin et al. (2014; Supporting Information, section 6)  
 
Among others background processes considered in the LCA of reference systems are the capital 
goods (e.g. machinery), as well as the energy consumption required for all operations (e.g. slurry 
pumping). These were essentially retrieved from the Ecoinvent (v.2.2) database (Ecoinvent centre, 
2013). For an overview of the exact processes used from the Ecoinvent database, and the values 
considered for energy consumption, the reader is referred to the Baltic Manure LCA database, 
available at www.balticmanure.eu   
 
 
 
Figure 4.1: Process flow diagram for the LCA of reference manure management in the BSR 
  
                                                     
1
 The inventory of calcium ammonium nitrate was adjusted, for the N2O emissions related to the nitric acid 
production, as follows: 0.00248 kg N2O per kg nitric acid based on an average of plants applying catalytic N2O 
decomposition in the oxidation reactor (European Commission, 2007, Table 3.12) (instead of the figure of 0.00839 kg 
N2O per kg nitric acid presented in the Ecoinvent v.2.2 database). The BAT level for new plants is however stated to a 
much lower level, i.e. 0.00012 to 0.00060 kg N2O per kg nitric acid. 
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Appendix A. Additional data for selected soils for each BSR country considered 
Table A.1. Key data about soil types considered for the reference LCA systems 
Country Description of the 
representative soil 
selected 
%, by weight Topsoil (0-25 cm) Subsoil 
(25-100 
cm) 
Reference 
Clay 
(<2µm) 
(%) 
Sand 
(20-
200µm) 
Carbon  
(t C/ha) 
Nitrogen 
(t N/ha) 
Carbon 
(t C/ha) 
DK Sandy soil (soil JB3 
of the Danish soil 
classification) 
6.4 65-95 66.0 4.7 77.8 Petersen 
and 
Knudsen 
(2010) 
FI Heavy clay (vertic 
cambisol, eutric 
cambisol) 
38 39 78 2.9 33.1 Rankinen, 
Salo, 
Granlund, 
Rita 2006 
FI Fine Sand (Gleyic 
podzol) 
5 70 162 7 141 
Turtola 
1999 
PL Fine Sandy loam 11-15 60-89 34.2 (1.14 
g C/100 g 
soil) 
C/N = 10.36 No data Institute of 
Soil Science 
and Plant 
Cultivation, 
State 
Research 
Institute, 
2012 
SE Sandy loam 10 90 52 5.2 50 Eriksson et 
al., 1999 & 
Eriksson et 
al, 2010 
EE LP (Fragic & 
Endostagnic 
Albeluvisols 
(umbric)), loamy 
sand 
10-15 70-90 44.6  3.6 
(estimated 
value)
1
  
 
22.5 Kõlli et al. 
2011
2
 
EE Eutric Gleysol 2-5 80-95 110 8.9 
(estimated 
value) 
20 SPADE-2
3
 
1
Ntot concentrations of mineral soils using a linear regression equation provided by Roostalu: Ntot= 0.047 * Humus + 0.0366 (R2= 
0.87, P< 0.01),where Ntot is soil total nitrogen content (%), Humus is soil organic carbon content (%) determined by the Tjurin 
method and multiplied by 1.72. Roostalu H. Agromajanduslikud riskid taimekasvatuses ja nende leevendamise võiimalused [Agro-
economic risks in plant production and the possibilities of risk reduction].Tartu: Tartu Põllumeeste Liit; 2008 [in Estonian]. 
2
 Kõlli, Raimo; Tamm, Indrek; Astover, Alar (2011). Stocks and annual fluxes of organic carbon in the mineral soil cover of Estonia. 
Estonian Journal of Ecology, 60(4), 251 – 263. 
3
 SPADE-2: Soil Profile Analytical Database for Europe Version 2.0 Beta Version March 2009 
http://eusoils.jrc.ec.europa.eu/Esdb_Archive/eusoils_docs/esb_rr/SPADE-2_Beta_Report.pdf 
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Sweden 
The chosen soil is from Eriksson et al. (1999) and represent 29 % of the agricultural soils in 
Sweden. In areas with high animal density, sandy loam soils represent a higher degree than the 
Swedish average. Clay and sand content are from Eriksson et al. (1999). Carbon and nitrogen 
content are calculated from Eriksson et al. (2010). Nitrogen in soil is derived from a C/N ratio of 10 
for agricultural soils with an organic content lower than 7 %. This corresponds to most of the 
mineral soils in Sweden. 
 
Eriksson, J., Andersson, A., Andersson, R., 1999, Åkermarkens matjordstyper (eng. Texture of 
agricultural topsoils in Sweden), SEPA report 4955, SEPA Swedish Environmental Protection 
Agency 
Eriksson, J., Mattsson, L., Söderström, M., 2010, Tillståndet i svensk åkermark och gröda, data från 
2001-2007 (eng. Current status of Swedish arable soils and cereal crops. Data from the period 
2001-2007), SEPA report 6349, SEPA Swedish Environmental Protection Agency 
Denmark 
Sandy soils (i.e. soils with at least 65% sand) constitute ca. 61% of the soils found in Denmark, with 
the following breakdown (from Heidmann et al., 2001): 
 soil JB1 (coarse sand): 23%; 
 soil JB2 (fine sand): 10%; 
 soil JB3 (coarse clayed sand): 8% 
 soil JB4 (fine clayed sand): 20% 
These soils are also those that are more prone to receive organic fertilizers. In fact, in Heidmann et 
al. (2001), ca. 83% of the sites receiving either pig or cow manure (or both) were found in sandy 
soils. On the other hand, 72% of the sites receiving mineral fertilizers only were located on loamy 
soils (soils JB5-7 of the Danish soil classification).  
 
For this project, it was thus considered that manure was applied on a soil with the properties of 
soil JB3 (these can be seen as representing the “median” for sandy soils in Denmark). 
  
Heidmann, T., Nielsen, J., Olesen, S.E., Christensen, B.T., Østergaard, H.S., 2001. Ændringer i indhold af 
kulstof og kvælstof i dyrket jord. Resultater fra kvadratnettet 1987 - 1998. DJF rapport nr. 54: 
Markbrug. Danmarks Jordbrugsforskning, Foulum, Denmark. 
Petersen, B.M., 2010. A model for the carbon dynamics in agricultural, mineral soils. Faculty of 
Agricultural Sciences, Aarhus University, Aarhus, Denmark. 
Petersen, B.M., Knudsen, M.T., 2010. Consequences of straw removal for soil carbon sequestration of 
agricultural fields. Using soil modelling in a time frame perspective. Faculty of Agricultural 
Sciences, Aarhus University, Aarhus, Denmark. 
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Appendix B. Adapting the IPCC Tier 2 equation for estimating CH4 emissions 
In this study, the IPCC Tier 2 equation (IPCC 2006a, equation 10.23) was adapted in order to 
estimate CH4 emissions as shown below: 
 
CH4 [kg] = VS [kg] × B0 × 0.67 [kg CH4 per m
3 CH4] × MCF    
 
Where: 
VS : The amount of volatile solids as excreted by the animals (kg) 
B0 : The maximum CH4 producing capacity for a given manure (m
3 CH4 kg
-1 VS excreted) 
(methane potential) 
MCF : Methane conversion factor (%) 
 
The MCF factor is defined in the Revised 1996 IPCC (IPCC, 1996) guidelines in chapter 4 (on page 
4.9) as follows: “Methane Conversion Factor (MCF): The MCF defines the portion of the methane 
producing potential (Bo) that is achieved. The MCF varies with the manner in which the manure is 
managed and the climate, and can theoretically range from 0 to 100 per cent. Manure managed as 
a liquid under hot conditions promotes methane formation and emissions. These manure 
management conditions have high MCFs, of 65 to 90 per cent. Manure managed as dry material in 
cold climates does not readily produce methane, and consequently has an MCF of about 1 per 
cent. Laboratory measurements were used to estimate MCFs for the major manure management 
techniques.”  In (IPCC, 2006a), default MCF values are presented for different manure 
management system and in function of the average annual temperature.  
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Appendix C. Rough estimation of the phosphorus losses from manure application 
as a percentage of the applied surplus 
In a recent publication of the Helsinki Commission (Knuuttila et al., 2011), the amount of applied 
organic and mineral P in the BSR is presented, for all of the targeted countries of the present 
study. For these countries, Knuuttila et al. (2011) also presents the amount of P reaching the Baltic 
Sea. Knowing the average P uptake from the applying crop rotation, the amount of P reaching the 
Baltic Sea can be roughly estimated, as a % of the surplus applied. This is presented in Table C1 
below. 
 
Table C.1. Calculation procedure for estimating P losses in selected BSR  
Parameter DK EE FI PL SE Reference/Comment 
[A] Applied annual organic and 
mineral P, according to 
Knuuttila et al. (2011) (kg/ha) 
23.6 12.9 27.6 33.9 19.3 Knuuttila et al. (2011): 
table 2.7, p.21 
[B] Average annual crop uptake of 
P (kg/ha) 
     This is known, and 
depends on the crop 
rotation considered 
(which itself depends 
on the manure type 
considered, see 
section 2.3) 
[C] = [A] – [B] Surplus       
[D] Amount of P reaching Baltic 
Sea (kg/ha) 
0.40 0.10 0.15 0.30 0.05 Knuuttila et al. (2011): 
Fig. 4.12, p.47 
[E] = [D]/[C] X 
100% 
P reaching Baltic Sea, as a % of 
the surplus 
      
  
For example, in Denmark, the average P uptake of the crop rotations defined is between 9.31 and 
15.09 kg per ha. This corresponds to a surplus of 8.5 to 14.3 kg per ha (per year). Given the figures 
presented in Table C1 for Denmark, P losses to the Baltic Sea could here be estimated as 3-5% of 
the surplus applied. This provides a rough estimation of P losses. Of course, if national empirical 
model are available to simulate P losses, these might be more accurate than the rough estimation 
proposed herein. The method shown in Table C1 was, in this study, used for Denmark only.  
 
References 
 
Knuuttila S, Svendsen LM, Staaf H, Kotilainen P, Boutrup S, Pyhälä M, Durkin M (2011). The fifth 
Baltic Sea Pollution load compilation (PLC-5). Balt. Sea Environ. Proc. No. 128. Baltic Marine 
Environment Protection Commission – Helsinki Commission, Helsinki, Finland. 
http://www.helcom.fi/stc/files/Publications/Proceedings/BSEP128.pdf  
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Appendix D. Biogenic C 
D1. CO2 from the applied manure (field stage) 
 
In Baltic Manure LCAs, biogenic CO2 is included. When manure is applied to soils, part of the C it 
contains ends up in the soil C pool, while the rest of the C essentially ends up emitted as CO2 to 
the atmosphere. Soils have an equilibrium C content which is the result of a balance between 
inflows (e.g. plant matter from above- and below- ground residues, manure, etc.) and outflows 
(e.g. decomposition, erosion, leaching of soluble C, etc.) to the soil pool. If outflows are greater 
than inflows, soil C decreases, while soil C increases if inflows are greater than outflows. Output 
flows are to a great extent determined by climate-specific parameters like temperature and 
precipitations, where higher temperature and moisture favor the soil biota activity (i.e. 
decomposition). However, any change affecting the activity of soil biota (e.g. change in oxygen 
availability due to manure injection, change in soil pH) will result in greater or smaller 
decomposition. In this sense, any form of agriculture will disturb the soil equilibrium until a new 
equilibrium is eventually reached after many years of constant agricultural practices. 
 
A given manure handling technology involving that more C ends up in the soil C pool (in 
comparison to the reference situation) would imply an overall decrease of C ending up in the 
atmosphere. On the other hand, some manure handling technologies could involve that native soil 
C is lost (if, for example, they involve a drastic decrease of C applied to soils in comparison to the 
reference situation), in which case an overall increase of C to the atmosphere would be observed. 
In order to reflect such a balance, an attempt was made in order to model the soil C changes 
induced as a consequence of the different manure management technologies studied within Baltic 
Manure. 
 
Table D.1 presents the breakdown considered for the fate of C in the different types of manure 
(with and without treatments) fractions involved in the LCAs performed within Baltic Manure 
(those applied to soil). These values are based on the work of (Hamelin et al., 2014, 2010), where 
the dynamic soil C model C-TOOL, developed to calculate the soil carbon dynamics in relation to 
the Danish commitments to UNFCCC, was used. This model is parameterized and validated against 
long-term field experiments conducted in Denmark, UK and Sweden. Further description of the C-
TOOL model is given in (Petersen, 2010; Petersen et al., 2002). As opposed to many different soil C 
models, C-TOOL does not only consider the topsoil, but the whole 0-100 cm profile.  
 
The values presented in Table D.1 should be seen as rough estimates, these could of course be 
improved by a country-specific breakdown based on each country soil’s properties. However, 
these estimates allow reflecting the complete C balance. 
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Table D.1 Breakdown of the applied C from the different manure types between the atmosphere 
and soil pool* 
Description of the applied material CO2-C, as a % of the 
C applied (from 
manure ex-storage) 
C ending up in the soil C 
pool, as a % of the C applied 
(from manure ex-storage) 
Raw slurry  95% 5% 
Liquid fraction (from source-segregation 
and from separation of both raw manure 
and digestate) 
100% 0% 
Digestate (mono-digestion) 100% 0% 
Digestate (co-digestion with solid fraction 
or solid manure) 
90% 10% 
Digestate (co-digestion with grass) 85% 15% 
Solid manure  75% 25% 
Solid fraction, from separation (of raw 
manure and/or digestate) 
80% 20% 
* As explained in e.g. Hamelin (2013), the proportion of C entering the soil (and ending up as CO2) will vary annually, until the soil 
reaches an equilibrium. The values presented in Table D.1. are to be seen as the the proportions at equilibrium. 
 
It may be argued that biogenic CO2 flows should not be included, on the basis that no net CO2 is 
emitted (the manure application and/or treatment only returning the C absorbed by the ingested 
feed crops back to the atmosphere). In many cases, this may however be mathematically wrong, 
among other because part of the C absorbed by the feed crops and excreted as manure may not 
be returned to the atmosphere, if C sequestration into the permanent soil C pool occurs, for a 
given crop system. Conversely, some manure treatments/crop systems combinations may result 
into the loss of native soil C (e.g. Hamelin et al., 2012). 
 
Moreover, atmospheric reactions do not distinguish between fossil and biogenic C. Further, 
including biogenic CO2 is the only way to demonstrate the benefits of a slurry management 
technology that leads to increased carbon sequestration. 
 
D.2 Biogenic CO2 in other stages 
D.2.1 Anaerobic conditions 
An original methodology is presented in Hamelin et al. (2011) in order to estimate the ratio 
between the biogenic CO2 and CH4 emitted during anaerobic degradation, and this methodology is 
applied here. In fact, whenever biogenic CH4 is emitted (under anaerobic conditions), biogenic CO2 
is simultaneously emitted, as described by the Buswell equation Symons and Buswell (1933): 
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The first step of the methodology described by Hamelin et al. (2011) consists to determine the 
relative contribution (in %) of all organic components constituting the VS in the substrate of 
interest. This was performed in Table D.2. 
 
Table D.2. Relative contribution of the organic components constituting the VS for each substrate 
  Formula Pig slurry
a 
Dairy slurry
a
 Straw
b Broilers 
manure
 
Horse 
manure
 
VS protein C5H7O2N 27.0% 16.8 %  4.2 % 18.0% 14.0% 
VS lipid C57H104O6 16.2% 7.7 %  2.6 % 6.0% 1.0% 
VS VFA C2H4O2 8.5% 4.0 % 0.0 %
d
 40.0% 0.00% 
VS carbohydrates (easily 
degradable) 
C6H10O5 27.1% 
(42.5%) 
41.5 %  
(58%) 
54.4 % 36.0% 70.0% 
VS carbohydrates (slowly 
degradable) 
C6H10O5 21.2% 
(5.8%) 
30.0 %  
(13.5%) 
38.8 % 0% 15.0% 
a Based on (Sommer et al., 2009). For the Swedish reference scenarios, however, slightly different values were used for the 
carbohydrates. These are presented between parentheses. 
b Based on (Møller et al., 2004) 
c Based on data from Andras Baky of the Baltic Manure Consortium (WP5), JTI, Sweden. It was précised that these data are to be 
regarded as really rough. 
d No data were found on VFA for straw, so these were assumed to be zero. However, since VFA produce the same amount of moles 
of CO2 and CH4 (Table D3), this does not affect the ratio to be calculated. 
 
 
Information may not be always available to fill in the data required in Table D.2. However, the 
most important in the perspective of deriving a ration between CO2 and CH4 is information on 
protein and VS, since the amount of moles of CO2 and CH4 produced from these is not equal (as 
this is the case for VFA and carbohydrates). Table D.3 shows the ratio between CO2 and CH4 for all 
substrates. The results for slurry differs slightly to those presented by (Hamelin et al., 2011), as 
that study considered a version of the Buswell formula not accounting for the N portion of the 
organic component (the term Nc). As seen in that table, the VS slowly degradable are not 
considered, as these are assumed not to degrade. 
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Table D.3. Calculation of the CO2: CH4 ratio from the anaerobic degradation of the substrates considered in this study 
        PIG COW STRAW BROILER MANURE HORSE MANURE 
      
mole weight 
(%) 
mole/g 
manure
a 
weight 
(%) 
mole/g 
manure 
weight 
(%) 
mole/g 
manure 
weight 
(%) 
mole/g 
manure 
weight  
(%) 
mole/g 
manure 
LIPID (1 mole)   CH4 40 16.2 0.007 7.7 0.003 2.56 0.001 6 0.003 1 0.0005 
    CO2 17 16.2 0.003 7.7 0.001 2.56 0.000 6 0.001 1 0.0002 
PROTEIN (1 
mole)   CH4 2.5 27 0.006 16.8 0.004 4.17 0.001 18 0.004 14 0.0031 
    CO2 1.5 27 0.004 16.8 0.002 4.17 0.001 18 0.002 14 0.0019 
VFA (1 mole)   CH4 1.0 8.5 0.001 4 0.001 0.00 0.000 40 0.007 0 0.0000 
    CO2 1.0 8.5 0.001 4 0.001 0.00 0.000 40 0.007 0 0.0000 
CARBOHYDRATES easily 
degradable (1 mole) CH4 3.0 27.1 0.005 41.5 0.008 54.42 0.010 36 0.007 70 0.0130 
    CO2 3.0 27.1 0.005 41.5 0.008 54.42 0.010 36 0.007 70 0.0130 
CARBOHYDRATES slowly 
degradable (1 mole) CH4 3.4 21.2 0.00 30 0.01 38.85 0.008 
  
15 0.00 
    CO2 2.6 21.2 0.00 30 0.00 38.85 0.006 
  
15 0.00 
SUM CH4 (easily 
degradable only) 
  
78.8 0.020 70.0 0.02 61.2 0.0 100.0 0.0 85.0 0.0 
SUM CO2 (easily 
degradable only) 
  
78.8 0.013 70.0 0.01 61.2 0.0 100.0 0.0 85.0 0.0 
g CO2/g CH4 
b, c
   
1.83 
(1.94)   
2.13 
(2.23)   
2.51 
   
2.31 
   
2.49 
 
a
 Calculation example for protein CH4: 2.5 moles CH4/moles protein * 27% (Table D2) / 113 g protein per mole protein = 0.006 moles CH4 
b
 Calculation example for slurry: 0.013 moles CO2/0.020 moles CH4 * 44 g CO2/mole CO2 / 16 g CH4 per mole CH4 = 1.83 g CO2 per g CH4. 
c
 These factors apply only for anaerobic conditions. Hence, not all these factors apply for the reference scenarios built within this study. Results for Swedish fattening and dairy cow slurry are  
slightly different, due to the different VS distribution used for carbohydrates (Table D.2). These are shown between parentheses.     
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F.2.2 Aerobic conditions 
Based on the equation below from (Liwarska-Bizukojc and Ledakowicz, 2003) (but corrected for 
the sign for the term (3d/4) for O2) describing the aerobic degradation of organic matter (for a 
complete conversion), all the DM loss occurring during a given phase can be assumed to be in 
form of carbon dioxide (CO2) and ammonia (NH3) emissions. 
 
 
 
 
Based on this equation, the ratio between CO2 and NH3 to be produced can be calculated (Table 
D.4). 
 
3222
2
3
24
3
24
NHdOH
db
COaO
dcb
aNOHC dcba 












  
 
 
  
70 
 
 
The project is partly financed by the European Union -  
European Regional Development Fund 
 
Table D.4. Calculation of ratio between CO2 and NH3 for straw aerobic degradation, during storage 
        PIG CATTLE STRAW BROILER MANURE HORSE MANURE 
      
mol weight 
(%) 
mole/g 
manure
a 
weight 
(%) 
mole/g 
manure 
weight 
(%) 
mole/g 
manure 
weight 
(%) 
mole/g 
manure 
weight  
(%) 
mole/g 
manure 
LIPID (1 mole)   NH3 0 16.2 0.000 7.7 0.000 2.56 0.000 6 0.000 1 0.000 
    CO2 57 16.2 0.010 7.7 0.005 2.56 0.002 6 0.004 1 0.001 
PROTEIN (1 
mole)   
NH3 1.0 27 0.002 16.8 0.001 4.17 0.000 18 0.002 14 0.001 
    CO2 5.0 27 0.012 16.8 0.007 4.17 0.002 18 0.008 14 0.006 
VFA (1 mole)   NH3 0.0 8.5 0.000 4 0.000 0.00 0.000 40 0.000 0 0.000 
    CO2 2.0 8.5 0.003 4 0.001 0.00 0.000 40 0.013 0 0.000 
CARBOHYDRATES easily 
degradable (1 mole) 
CH4 NH3 0.0 27.1 0.000 41.5 0.000 54.42 0.000 36 0.000 70 
    CO2 6.0 27.1 0.010 41.5 0.015 54.42 0.020 36 0.013 70 0.026 
CARBOHYDRATES slowly 
degradable (1 mole) 
CH4 
           
    NH3 0.0 21.2 0.000 30 0.000 38.85 0.000 0 0.000 15 0.000 
SUM NH3 (easily 
degradable only) 
  
78.8 0.002 70.0 0.00 61.2 0.0 100.0 0.0 85.0 0.0 
SUM CO2 (easily 
degradable only) 
  
78.8 0.035 70.0 0.03 61.2 0.0 100.0 0.0 85.0 0.0 
g CO2/g NH3 
b, c
   38.14   50.58   165.51   62.46   68.34 
a
 Calculation example for protein NH3: 1.0 mole NH3/moles protein * 27% (Table D2) / 113 g protein per mole protein = 0.002 moles NH3 
b
 Calculation example for slurry: 0.035 moles CO2/0.002 moles NH3 * 44 g CO2/mole CO2 / 17 g NH3 per mole NH3 = 38.14 g CO2 per g NH3. 
c
 These factors apply only for aerobic conditions. Results for Swedish fattening and dairy cow manure are slightly different, due to the different VS distribution used for carbohydrates (Table D2),  
but are not presented here, as no aerobic conditions for these.  
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Manures kept in aerobic conditions are, for the reference systems in this study, a mixture of 
manure and structuring material (straw, peat). The ratio CO2: NH3 was therefore calculated in 
function of the proportion of manure and such structuring material. Results are presented in Table 
D.5 for in-house storage, and Table D6 for outdoor storage. 
 
Table D5. Calculation of ratio between CO2 and NH3 for the solid manure mixtures involved in this 
study, in-house stage 
  % 
manure 
ab-
animal 
% strawa % water CO2/NH3 
manure 
CO2/NH3, 
straw 
% 
manure, 
adjusted 
to 100% 
% 
strawa, 
adjusted 
to 100% 
CO2/NH3, 
mixture 
pig, PL 
 
63% 37% 0.49% 38.14 165.51 63% 37% 85.40 
cow, PL 
 
68% 31% 0.54% 50.58 165.51 68% 32% 86.79 
horse recration, SE 0.87 0.13 
 
68.34 165.51 87% 13% 81.16 
broilers, SE 0.96 0.04 
 
62.46 165.51 96% 4% 66.70 
bulls, DK 
 
0.56 0.44 
 
50.58 165.51 56% 44% 100.98b 
hens, DK 
 
100% 0 
 
62.46 165.51 100% 0% 62.46c 
broilers, FI (peat) 73% 27% 0.12% 62.46 165.51 73% 27% 89.96d 
a
 peat, in the case of Finnish broilers’ manure. 
b 
assuming same VS repartition as dairy cow 
c 
assuming same VS repartition as broilers 
d 
assuming peat has the same VS repartition as straw 
 
Table D6. Calculation of ratio between CO2 and NH3 for the solid manure mixtures involved in this 
study, outdoor storage stage 
  % 
manure 
ab-
animal 
% straw % water CO2/NH3 
manure 
CO2/NH3, 
straw 
% 
manure, 
adjusted 
to 100% 
% straw, 
adjusted 
to 100% 
CO2/NH3, 
mixture 
pig, PL 
 
79% 11% 10% 38.14 165.51 87% 13% 54.36 
cow, PL 
 
77% 15% 9% 50.58 165.51 84% 16% 69.26 
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Appendix E. Nitrate leaching results from NLES4 model, Denmark 
 
Table E1. Calculation of nitrate losses per tonne manure ex-storage applied, in function of the 
output of N-LES4  
 N in applied 
material 
(kg/t) 
Leaching from 
field, from N-
LES4
b 
 
(kg N/ha) 
ha needed / 
tonne applied 
kg N leaching / 
tonne applied 
Total leach / 
manure N 
applied 
 (A) (B) (C) = (A)/140 or 
170a
 
(D) = (B) * (C) (E) = (D) / (A) 
Fattening pig 
slurry 
5.05 63.7 0.0360 2.30 46% 
Dairy cow slurry 5.07 69.6 0.030 2.08 41% 
Bulls deep litter      
35% portion 
with storage 
10.03 77.0 0.059 4.54 45% 
65% portion 
direct spreading 
after temporal 
in-house 
storage  
10.97 77.0 0.065 4.87 45% 
Hens solid 
manure 
15.36 66.5 0.110 7.30 48% 
a A maximum of 140 kg N per ha can be applied in Denmark, except for cattle, where this is 170, as 
presented in section 2.3.1. 
b Input to NLES4: crop rotation; N deposition of 18 kg per ha; C/N ratio 12.93; grid number 10181; soil with 
7.3% silt, 38.5% fine sand, 45.6% coarse sand, 1.09% organic matter, 1.52 g/cm3 bulk density; mineral 
fertilizer input (kg N/ha): 45 (pig slurry), 50 (dairy cow slurry), 92.5 (bull deep litter), 59 (hens manure); 
manure input of 140 kg N/ha (pig slurry; hens manure) and 170 kg N/ha (dairy cow slurry, bulls deep litter). 
The input of mineral fertilizer takes into account the crop rotation’ needs in N (Tables F1 and F2) and the 
efficiencies of the different manure, on the basis of legislation (footnote f in Table 2.11), while manure N is 
limited to 140 (pig slurry, hens manure) or 170 kg N per ha (dairy cow slurry, bulls deep litter). 
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Appendix F. Details on N, P and K needs for Danish crop rotations and P uptake 
of crops 
As presented in section 2.3, there are 2 main crop rotations applied for Denmark (A and B). 
Rotation A is a 5-years crop rotation applying for cattle (dairy cow slurry and bulls deep litter), and 
Rotation B is a 6-years cereals-based crop rotation applying for fattening pig slurry and hens 
manure. 
 
F1. Nutrient needs for the Danish crop rotations 
The N, P and K requirements of Rotation A and B are presented in Table F1 and F2, respectively. 
 
Table F1. N, P and K requirements of Rotation A, Danish case (applying for dairy cow slurry and 
bulls manure) 
Year Crop N (kg ha
-1)a P (kg ha-1)a K (kg ha-1)a 
1 Spring barley (harvested 
as whole crop silage) 
126 29 153 
2 Grass-clover mixture* 243 32 214 
3 Grass-clover mixture 243 32 214 
4 
Spring barley & catch 
crop 
109 22 45 
5 Spring barley 126 22 45 
Annual average  169 27 133 
a
 Data for N, P and K requirements are from the Danish Ministry of Food, Agriculture and Fisheries (2009). It is further considered 
that catch crops reduce the N norm by 17 kg N ha
-1
, based on Hamelin et al. (2012). 
* under 50% clover 
 
 
Table F2. N, P and K requirements of Rotation B, Danish case (applying for fattening pig slurry and 
hens manure) 
Year Crop N (kg ha
-1)a P (kg ha-1)a K (kg ha-1)a 
1 Winter barley 158 21 54 
2 Winter rape 177 30 89 
3 Winter wheat 166 22 66 
4 Winter wheat 166 22 66 
5 
Spring barley & catch 
crop 
109 22 45 
6 Spring barley 126 22 45 
Annual average  150 23 61 
a
 Data for N, P and K requirements are from the Danish Ministry of Food, Agriculture and Fisheries (2009). It is further considered 
that catch crops reduce the N norm by 17 kg N ha
-1
, based on Hamelin et al. (2012). 
  
 
F.2 Average annual P uptake from the Danish crop rotations 
The average P uptake from Rotation A and Rotation B are presented in Tables F3 and F4, 
respectively. 
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Table F3. Average annual P uptake from Rotation A (cattle), Danish case 
Year Crop P uptake (kg ha
-1)a 
1 Spring barley (harvested as whole crop silage) 8.28 
2 Grass-clover mixture 6.38 
3 Grass-clover mixture 6.38 
4 Spring barley & catch crop 12.75 
5 Spring barley 12.75 
Annual average  9.31 
a
 Data from Møller et al. (2000). The P uptake from catch crops is not accounted for, as the catch crop biomass is completely 
returned to soil. 
 
Table F4. Average annual P uptake from Rotation B (pig, hen), Danish case 
Year Crop P uptake (kg ha
-1)a 
1 Winter barley 14.54 
2 Winter rape 19.11 
3 Winter wheat 15.71 
4 Winter wheat 15.71 
5 Spring barley & catch crop 12.75 
6 Spring barley 12.75 
Annual average  15.09 
a
 Data from Møller et al. (2000). The P uptake from catch crops is not accounted for, as the catch crop biomass is completely 
returned to soil. 
 
F.3 Estimation of surplus and P losses from manure application 
Based on Tables F1 to F4, the P surplus can be calculated, and the P losses from manure 
application estimated (as 5% of the surplus; Appendix C). Results are shown in Table F5. 
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Table F5. Calculation of P losses, for each reference manure, Denmark  
 P in applied 
material 
Average P uptake from crop 
rotation 
 
 
Surplus P losses 
 (kg/t) (kg/ha) (kg/t)   
 (A) 
(B) (C) = (B) * column 
C of Table E1 
(D) = (A) – (C)
 
(E) = 5% * (D) 
Fattening pig 
slurry 
1.19 15.09 0.543 0.647 0.032 
Dairy cow 
slurry 
0.83 9.31 0.279 0.551 0.028 
Bulls deep litter      
35% portion 
with storage 
2.14 9.31 0.549 1.591 0.080 
65% portion 
direct 
spreading  
2.14 9.31 0.605 1.535 0.077 
Hens solid 
manure 
5.57 15.09 1.660 3.910 0.196 
a A maximum of 140 kg N per ha can be applied in Denmark, except for cattle, where this is 170, as 
presented in section 2.3.1. 
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Appendix G. Estimating DM losses based on the ratio VS loss: CH4 loss 
The DM losses can be estimated based on the ratio VS losses to CH4 losses (through knowinh how 
much of the DM is VS. Table G.1 presents an example for determining this ratio, for dairy slurry. 
 
Table G1. Calculation of VS:CH4 ratio, example for dairy slurry  
  Distribution
a 
VS part H2O
b
 CH4
c 
CO2
b 
  
%  (grams) (grams) (grams) (grams) 
VS lipid 7.7 0.077 0.044 0.056 0.065 
VS protein 16.8 0.168 0.067 0.060 0.098 
VS VFA 4 0.04 0.000 0.011 0.029 
VS carb 41.5 0.415 0.046 0.123 0.338 
VS slowly degradable           
VS carb slowly 30 0.3       
Total 100 1 0.157 0.249 0.530 
VS loss:CH4 loss    4.01
d 
 
a
 Table D2 
b
 See example for CH4 
c
 Example for protein: 0.168 g VS protein per g manure * 40.1 g CH4 by mole CH4 / 113.1 g protein by mole protein = 0.060 g CH4 per 
g manure 
d
 1 g VS manure/0.249 g CH4 per g VS manure = 4.01 
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The Baltic Sea Region is an area of intensive agricultural 
production. Animal manure is often considered to be a 
waste product and an environmental problem.
The long-term strategic objective of the project Baltic 
Manure is to change the general perception of manure 
from a waste product to a resource. This is done through 
research and by identifying inherent business opportuni-
ties with the proper manure handling technologies and 
policy framework. 
To achieve this objective, three interconnected manure 
forums has been established with the focus areas of 
Knowledge, Policy and Business. 
Read more at www.balticmanure.eu.
About the project
Part-financed by the European Union
(European Regional Development Fund)
One major pre-condition for assessing a manure man-
agement technique in a whole system or LCA-approach 
is to define a reference system against which this tech-
nique can be assessed. This report thus presents and de-
tails the establishment of such reference systems, com-
prising eight different manure types (fattening pig slurry, 
dairy cow slurry, hens manure, bulls deep litter, fattening 
pig solid manure, dairy cow solid manure, horse manure 
& broilers manure)  and five Baltic Sea Regions (Den-
mark, Sweden, Finland, Estonia, Poland), for a total of 
15 reference systems.
It presents, for each of these 15 reference systems, a 
description of the key managerial practices throughout 
the whole chain (e.g. storage duration, type of cover, 
type of manure application, etc.) and of the key site-
specific conditions applying (e.g. average annual stor-
age temperature, crop rotation and soil type on which 
the manure is applied, specific legislations governing the 
manure management practices, etc.). Further, it pre-
sents a reference manure composition for each of these 
reference systems, including key parameters such as 
dry matter, nitrogen (inorganic and total), phosphorus, 
carbon and volatile solids content of the manure for all 
main stages of the manure continuum (e.g. ex-animal, 
ex-housing, ex-storage). 
This report was prepared as part of Baltic Manure Work Pack-
age 5 - Assessing Sustainability of Manure Technology Chains. 
This report in brief
